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INTRODUCTION position of a copper filter will harden the 
T HAS been known for along time that Tradiation very considerably. But passing 
roentgen rays on passing through a ma- this filtered beam through a block of par- 
terial medium undergo changes in quality affin will not make it harder, but, on the 
as well as in intensity. The quality or hard- contrary, will decrease its penetrating 
ness difference between the incident beam power materially. Human tissues affect 
and the emergent beam depends on several roentgen rays similarly, and therefore the 
factors, but primarily on the spectral dis- Quality of radiation is different at different 
tribution of the radiation in the incident tissue depths. 
beam, the atomic constituents of the me Physicists familiar with radiological 
dium, and the thickness of the material problems have had in mind the softening of 
traversed. roentgen rays by tissues as one of the fac- 
The practical importance of filtration in — tors to consider in the study of the distribu- 
radiation therapy has tended to emphasize tion of radiation within the human body. 
the hardening of roentgen rays by passing The discovery of the Compton effect some 
them through an absorbing medium (the years ago directed attention to this prob- 
filter in this case), but it should be re- lem, but nevertheless, no quantitative data 
membered that the reverse process may have been available until recently.*’ Even 
also take place under certain conditions. now a great deal remains to be done. The 
In other words, a beam of radiation may be _ practical importance of definite knowledge 
less penetrating (softer) after traversing an on this subject is obvious from the follow- 
absorbing medium than it was initially. ing considerations: 
Which one of these two processes will pre- With the establishment of the inter- 
dominate in any given case depends on the _ national unit for the measurement of roent- 
factors enumerated above. Starting with a gen rays, the roentgen, we are now in a 
very heterogeneous beam of roentgen rays position to express in this unit the amount 
e.g. “unfiltered” roentgen rays), the inter- of radiation emitted by a roentgen tube in 
* Read at the Thirty-third Ann 


ial Meeting, American Roentgen Ray Society, Detroit, Mich., Sept. 27-30, 1932. 
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a given time, under conditions which may 
be duplicated anywhere. This can be done 
by means of a standard ionization cham- 
ber which fulfills the conditions stipulated 
in the definition of the roentgen. This cham- 
ber, however, can only be used for meas- 
urements made “‘in air.’”’ If we desire to 
determine the amount of radiation ad- 
ministered to the surface of a patient’s skin 
in a given treatment, we must resort to 
the use of a small ionization chamber of the 
“thimble” type. Such an ionization cham- 
ber placed over the skin is affected princi- 
pally by: (1) roentgen rays which originate 
from the target of the tube—“‘direct radia- 
tion” —and (2) roentgen rays which origi- 
nate in the volume of tissue traversed by 
the primary beam—“‘scattered radiation.” 
The quality of the two components is not 
the same, the scattered radiation being 
softer than the primary, or direct, radia- 
tion. Before we can say that the small 
chamber measures the amount of radia- 
tion falling on the patient’s skin, i” roent- 
gens, we must be sure that the ionization 
chamber has no “wall effect” for a range 
of wave-lengths sufficiently broad to in- 
clude the minimum wave-length in the 
primary beam and the practical maximum 
wave-length of the scattered radiation.* 
This can be done only by comparing the 
small chamber with the standard air cham- 
ber under proper conditions throughout the 
range just mentioned. 

Many practical difficulties militate against 
a direct comparison of this sort. It is evi- 
dent, however, that in the first place, we 
must gather some information on the 
change in wave-length which the primary 
radiation undergoes in the process of scat- 
tering under the conditions which obtain 
in radiation therapy. For the purpose in 
view this change in wave-length need not 
be determined quantitatively in Angstrém 
units. It is sufficient to know how far in the 
wave-length range the comparison of the 
small chamber with the standard chamber 
must be carried. This can be done by in- 


* Certain other requirements must be met also, but they are 
not pertinent to the present discussion, 
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direct means. If then we can construct a 
small chamber which has no wall effect 
within the required range (and meets cer- 
tain other requirements) we shall be able 
to measure 17 terms of the roentgen the quan- 
tity of roentgen rays reaching a patient’s 
skin both from the roentgen tube and from 
the underlying tissues. 

The difficulties stated above are present, 
but to an even greater degree, in the meas- 
urement of the amount of radiation reach- 
ing a given tissue (or water phantom) 
depth, when we wish to express this also 
in roentgens. Obviously it is desirable to 
do so in order that the correlation of “‘tis- 
sue doses” and observed effects may be put 
on a less empirical basis than it is at 
present. 

Our remarks so far refer specifically to 
the roentgen rays usually employed in can- 
cer therapy, that is, roentgen rays pro- 
duced at voltages of 125 to 220 kv. In 
general, they apply equally well to higher 
voltage roentgen rays and to gamma rays. 
The fact that at present there is consider- 
able uncertainty about the measurement 
of these quantities i” roentgens, even in air, 
does not make the determination of the 
quality changes within the irradiated tis- 
sues less desirable. But, of course, the prob- 
lem must be envisaged from a somewhat 
ditferent point of view. 

In a recent paper from this laboratory, 
Quimby and McNattin*® presented the re- 
sults of experiments dealing with the 
change in quality of 200 kv. roentgen rays 
due to scattering by paraffin. Since these 
experiments have a direct bearing on the 
present study, it may be well to give a brief 
summary of the work. The quality of a 
beam of roentgen rays may be expressed 
reasonably well* by an absorption curve 
determined under proper conditions. The 
quality of the roentgen rays reaching a 
point within a mass of tissue (water or 
paraffin) from all directions may also be ex- 
pressed by an absorption curve obtained in 

* The best method of determining the quality of a beam of 


roentgen rays Is the spectrometric one, but it is not applicable to 
the problem under consideration, 
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the following manner: A “‘small” spherical 


ionization chamber, preferably made of 


organic materials, is placed at the point 
in question. Readings are then taken with 
this chamber “‘bare’”’ and covered succes- 
sively by increasingly thicker spherical 
shells of a suitable absorbing material, such 
as copper. The data thus obtained may be 
plotted as an absorption curve. It should 
be noted at this point that the quality of 
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within a large paraffin block that at 10 cm. 
depth the average quality of the radiation 
reaching the chamber is very nearly the 
same as that of 200 kv. roentgen rays 
filtered by 0.1 mm. Cu. In other words, 
the degree of “‘softening” brought about by 
scattering in the paraffin block, under the 
conditions of the experiment, is substan- 
tially the same as would be obtained in the 
primary beam in air by decreasing the 
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the radiation entering the chamber from 
different directions is different, and that, 
therefore, the absorption curve obtained 
in this manner represents the “average”’ 
quality of the radiation reaching the cham- 
ber from all directions. 

\n an example of the results obtained by 
Quimby and McNattin, we may mention 
that the quality of 200 kv. roentgen rays 
initially filtered by 0.5 mm. Cu is altered to 
such an 


extent by repeated scattering 


roentgen tube set-up. 


filter from 0.5 to 0.1 mm. Cu. Considering 
that this work was done with a “thin- 
walled” Coolidge roentgen tube (of the old 
soft glass type) the change in the quality 
is the more striking. A considerable change 
in quality was also found when the ioniza- 
tion chamber was placed on the surface 
of the paraffin block. 

In the work just discussed, no attempt 
was made to determine percentage “‘depth 
doses” with the apparatus used because the 
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ionization chamber with the removable 
copper shells was too big for this purpose. 
In view of the difference in quality found 
between the radiation at the surface and 
the radiation at a 10 cm. depth, it be- 
comes necessary to investigate the influ- 
ence which this may have on the depth dose 
as ordinarily determined. On theoretical 
grounds the difference in quality just men- 
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zontal direction, the water phantom (Fig. 2) for 
the experiments had to be of the horizontal 
type. This has the disadvantage that for the 
“zero depth” or surface measurements the 
ionization chamber had to be completely sub- 
merged. However, measurements were also 
made in a “‘vertical phantom” in the case of 
200 kv. roentgen rays and gamma rays, with 
the ionization chamber under different degrees 
of submergence. Another difficulty with the 


(b) 
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Kic. 2. Horizontal water phantom set-up. (a@) Tank removed to show ionization chamber. (4) Tank in position. 


tioned should be different for roentgen rays 
of different wave-lengths. Accordingly it 
is of interest to extend the investigation 
to roentgen rays of higher voltage than 200 
kv. and to gammarays. 


APPARATUS 
Water Phantom. At the outset it was decided 
to make the experiments with the three quali- 
ties of radiation under as nearly comparable 
conditions as possible. Since the tube capable of 
operation at 350 to &so0 kv. (Fig. 1) produces a 
roentgen-ray beam utilizable only in a hori- 


horizontal phantom ts that there must be some 
retaining “wall” between the chamber and the 
source of radiation, which may influence to 
some extent the results obtained. To minimize 
as much as possible the effect of the phantom 
wall, it was decided to use for this purpose ani 

mal skins ordinarily used as drum heads. How 

ever, in spite of the liberal use of shellac to 
waterproof the skins, water gradually seeped 
into the skins proper, and considerable stretch 

ing and bulging occurred. This was particularly 
objectionable since it became gradually worse 
during the course of one experiment and changed 
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the thickness of water traversed by the rays. 
Choosing the lesser of two evils, it was finally 
decided to support the drum head on the in- 
cidence side of the phantom by a sheet of 
celluloid 2 mm. thick. All water phantom 
measurements, therefore, were taken through 
2mm. of celluloid and the 1 mm. of animal skin 
painted with shellac. 

Kor theoretical reasons which will not be dis- 
cussed in this paper, the water phantom was 
made quite large, 44 cm. in diameter and 60 cm. 
long. The mass of water coming under the in- 
Huence of the radiation was therefore consider- 
ably larger than the mass of irradiated tissues 
in a patient. This has some influence on the 
applicability of the experimental results to radi- 
ation therapy, but is of no consequence for our 
present purpose. The body of the phantom was 
made of a special bakelite tube 5 mm. thick, 
kindly supplied by the General Electric Com- 
pany. (It was thought desirable not to use a 
metal container.) 

lonization Chamber 
Quimby and MecNattin, one ionization cham- 
ber was used, and the quality of the radiation at 
different depths was studied by adding copper 
filters around the ionization chamber. This pro- 
cedure 1s not quite suitable for the present in- 
vestigations, where the range of radiation quali- 
ties 1s so large. Accordingly it was decided to 
use chambers of approximately the same (in- 
ternal) volume, but made of different materials, 
and different thicknesses of the same material. 
Four materials were used: celluloid, aluminum, 
copper, and lead. The greatest thickness of any 
one material was 3.5 mm. Due to the methods 
of manufacture of the chambers, their thick 
nesses are known only approximately. This 1s 
of no great moment in our present discussion. 
After the work with these chambers has been 
completed, we are planning to disassemble 
them for the purpose of measuring their thick- 
nesses more accurately. 

The shape of an ionization chamber suitable 
for water phantom work is of considerable im- 
portance. The chamber must be such that it 
has no directional error. That is, the reading 
must be independent of the aspect of the cham- 
ber towards the beam of radiation, or its orien- 
tation. The ideal shape is spherical, without a 
protruding stem. Since, however, the chamber* 
must be attached to a current measuring de- 

* The small spherical, detachable chambers developed by 


Sievert would introduce seri 


con plications In Carrying out the 
experiments, 


In the experiments of 


Roentgen Rays and Gamma Rays 297 


vice, this is practically impossible. The practi- 
cal solution is to make the chamber spherical 
and the connecting stem as small in diameter as 
possible. In our case the internal diameter of 
the chambers was (very nearly) 1.5 cm., and 
the diameter of the stem about 0.48 cm. (see 
ig. 3 for the relative sizes). 

It was thought desirable to use one chamber 
made of a light, non-metallic material, with 
very thin walls. Such a chamber may be con- 
structed very simply in the following manner: 
A spherical “lemon drop”’ (consisting largely of 
sugar) is attached to a tube of the external di- 


lic. 3. Small ionization chambers of different ma- 
terials. 


ameter which it is desired the stem of the cham- 
ber shall have. To do this, the tube is heated 
and is then inserted into the lemon drop. The 
size of the sphere may now be reduced at will 
by spinning in a lathe and holding a wet cloth 
against the lemon drop so as to dissolve some 
sugar evenly in all directions. After the ball is 
dry, it 1s dipped an acetone solution of 
celluloid, making sure that a uniform coating of 
celluloid is left on the ball, and on part of the 
attached tube, so as to form at the same time 
the stem of the chamber. The thickness of the 
celluloid layer depends on the concentration of 
the celluloid in the acetone solution and on the 
number of coats applied to the ball. After the 
celluloid is dry, the sugar may be dissolved out 
by running water into the tube attached to the 
ball by means of another tube of smaller di- 
ameter. In this way, chambers of any desired 
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thickness may be made. The inner surface of 
the chamber is then coated with India ink to 
make it sufficiently conducting. 

The metal chambers were spun in a lathe. 
The same chuck was used for all, but, owing to 
the different resilience of the materials used, 
there is probably some variation in the inside 
diameters of the chambers, and the wall thick- 
nesses cannot be estimated with high precision. 
Also some of the chambers are not exactly 
spherical. It will be seen later that these varia- 
tions are of no particular significance in our 
present study. The geometrical characteristics 
of all the chambers are given in Table 1, with 
the reservations just noted. 


TABLE I 


SPECIFICATIONS OF IONIZATION CHAMBERS 


Inside Wall 

Chamber, Material Diameter Thickness 
cm. mm. 

H | Celluloid 0.2 (?) 
A Celluloid 1.§2 1.4 
| Celluloid 1.52 3-4 
B Aluminum 1.52 
C Copper 1.52 0.3 
D Copper 1.52 1.2 
J Copper 1.52 0.6 
Lead 1.52 0.5 
F Lead 1.52 2.8 
G | Lead 1.52 
kK Lead 1.52 3.7 


The inner electrodes of all the chambers are 
alike. A very fine piano wire (0.14 mm. in di- 
ameter) was used for the conductor through the 
stem of the chamber. One end of this wire was 
made to protrude through the amber insulating 
bushing into the spherical chamber for a dis- 
tance of about 1 cm. It was then coated re- 
peatedly with a mixture of celluloid, graphite, 
and acetone, to form the chamber electrode of 
a diameter of about 2 mm. To insure good con- 
ductivity the electrode was also coated with 
India ink. 

Measuring Instrument. The ionization cur- 
rents produced in chambers of such small vol- 
ume with ordinary sources of roentgen rays, 
and particularly with the available radium, are 
very small. Accordingly a very sensitive meas- 
uring instrument is essential for the proper 
carrying out of the comparison. The range of 
the instrument must also be very large because 
some of the readings to be taken are only a 
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small fraction of other readings in the same 
series. Futthermore, in view of the long time re- 
quired for the investigation, complete protec- 
tion of the experimenter from the radiation 
(especially gamma rays and 700 kv. roentgen 
rays) is essential. A vacuum tube instrument 
was designed and constructed for this purpose 
which fulfilled all the requirements in a very 
satisfactory manner. The principle of this in- 
strument has been described in previous publi- 
cations.*® The wiring diagram of the one used 
in these experiments is given in Figure 4, and 
a photograph of the set-up is shown in Figure ¢. 
With this arrangement it is possible to take a 
large number of readings in a relatively short 
time, while the operator is in a separate room 
at any desired distance from the source of radi- 
ation. 

The measuring instrument proper consists of 
two parts: A lead box containing the vacuum 
tube (known as FP-54), the high resistance or 
radium compensator, and the grounding key. 
The ionization chamber is attached to the bot 
tom of this lead box by means of its highly in- 
sulated stem, as shown in Figure 2 (where the 
lead box is seen mounted on the water phantom 
frame). Thus the delicate parts of the appa- 
ratus are mounted compactly and rigidly to- 
gether. Provision is made for shifting the po- 
sition of this unit in a horizontal direction by 
any desired amount, from outside the roentgen 
room, without stopping the x-ray machine. 
This 1s accomplished by means of a rack and 
pinion arrangement and a dial graduated in 
centimeters. Accordingly readings can be taken 
at different distances from the source, or at 
different depths in water, without interruption. 

The second part of the measuring device con- 
tains the batteries, rheostats, meters, etc., re- 
quired for the operation of the vacuum tube 
and the control of the circuit. This unit is 
placed outside of the roentgen room in a pro- 
tected place, where it is most convenient for the 
operator to conduct the experiments. The two 
parts of the instrument are connected together 
by a multi-conductor cable with proper shield- 
ing. 

Two of the roentgen machines used in the 
course of the experiments are provided with 
control ionization chambers connected to sensi- 
tive galvanometers. With this arrangement the 
roentgen machine may be adjusted to give the 
same radiation throughout the course of an ex- 
periment and from day to day, without having 


— 
| 
- 


Vor. XXIX, No.3 Effects by 200 kv., 7 


to rely entirely on the milliammeter and the 
primary voltmeter readings. A standard ce'l, a 
high resistance, and a galvanometer shunt, are 
provided for the calibration of the control in- 
strument. This device was found invaluable in 
the operation of the high voltage tube (350 to 
700 kv.) since its output is apt to fluctuate con- 
siderably. 

Sources of Radiation. The sources of rad 


lation 
were as to lows: 


(1) T'wo mechanical] rectifier 


roentgen machines of the usual deep therapy 


kv. 
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grounded. This tube is equipped with a “trans- 
mission” target, and on this account the useful 
beam of radiation must alw ays traverse a fixed 
filter equivalent to about s mm. of copper. (3) 
The third source of radiation consists of 4 grams 
of radium in a heavy lead container, known as 
the “pack.” For details of the construction of 
this apparatus, which may have a bearing on 
the present work, the reader is referred to an 
earlier publication. For the present it may 
suffice to state that the “radiating surface” is 


RADIUM 
GOMPE NSATING 
CHAMBER 


1000 


av 4vV 


hic. 4. Wiring d 


type, operating Water cooled Coolidge 


tubes* 
at 200 kv. an 


| 30 Ma. The voltage 1s measured 
by a spark gap with 12.5 cm. spheres. The 
cascade tube designed by Coolidge, Dempster 
and Tanis,'* for operation at a maximum of 
goo kv. (Fig. 1), which was kindly loaned to the 
hospital by the General Electric Company 
about a year ago. The high voltage generator 
for this outfit is a special induction coil with 
mercury interrupter to which 


is applied 6 
cycle alternating current at 


a maximum of 11 


volts. The tube voltage is measured by a spark 
gap with so cm. spheres, one of which js 


tese Cubes are made of hard glass of a thickness of veral 
millimeters at the bul , 


20000 


lagram of vacuum 


center of the radium tubes. 


200n 


tube measuring instrument. 


7-5 cm. in diameter and is studded with 40 
platinum tubes, each containing 100 mg. of ra- 
dium, placed perpendicular to the surface. This 
arrangement, which is desirable from certain 
points of view, introduces an uncertainty in the 
filtration. We may say, how ever, that the aver- 
age primary filter is equivalent to 2 mm. of lead. 
As a secondary filter, a disk of bakelite 6 mm. 
thick was used in the experiments. The r 
is surrounded in all directions by about 
of lead, except for the conical] port tl 
which the useful beam passes. 
port is Ic 


adium 
10 cm. 
rough 
The brim of this 
cm. in diameter, in a plane parallel 


to the radiating surface and 6 cm. from the 
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EXPERIMENTS 

Preliminary tests were made to ascertain the 
saturation voltage required with each ioniza- 
tion chamber and each source of radiation. The 
possible influence of the direct and scattered 
radiation on the measuring instrument (other 
than in the small ionization chamber) was also 
investigated. No corrections had to be made on 
this account. Leakage of charge from the col- 
lecting electrode of the chamber was obviated 
entirely by the provision of guard rings and the 


Fic. 


use of the null method of measurement. The 
(saturation) voltage was applied to the spheri- 
cal shell of the chamber, while the inner elec- 
trode was always maintained at practically 
ground potential. This eliminates also trouble 
from the well-known “soaking effect” which is 
always present to some degree in electroscopic 
instruments. A grounded metal guard ring was 
provided between the charged shell of the 
chamber and the inner electrode. This metal 
guard extended continuously from the ioniza- 
tion chamber to the grid of the vacuum tube, 
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to avoid the possibility of leakage at any point. 
kor measurements in the water phantom, it was 
found more convenient to charge the water to 
the saturation voltage of the chamber. For this 
reason, the metal stem of the chamber, which 
had to be grounded in order to serve as a guard 
ring, was covered with insulating rubber tape. 

With 7oo kv. roentgen rays, readings were 
taken under the following conditions: Filter 
equivalent to § mm. copper; initial target-to- 
center-of-chamber distance, 67 cm.; irradiated 


Vacuum tube measuring instrument. 


field, 4.54.5 cm. at initial target-chamber 
distance. In air, the position of the chamber was 
shifted from o (initial point) to 2, 4, 8, 15, 25, 
35 cm. Then the irradiated field was changed 
successively to 6.76.7 cm., 11X11 cm., and 
20X20 cm., each time taking readings for the 
above settings of chamber distance. Corre- 
sponding readings were obtained with each 
chamber of Table 1. 

Following this, the phantom was mounted in 
place and the whole series of experiments was 
repeated with each chamber in water. In this 


ond 
42 
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case the initial position of the center of the 
chamber was always very nearly g mm. from 
the drum head (or surface of the water). This 
means that in the case of the thinner chambers 
there was a thin layer of water in front of the 
chamber when it was at its zero position. Ac- 
cordingly the thicker chambers, such as I, 
were ‘just submerged,” while the thinner ones 
were at a slightly greater depth when in the sur- 
face, or zero, position. 

The work with 70o kv. just described was 
duplicated with the tube operating at 600, 500, 
and 350 kv. successively.* Since the filter forms 
an integral part of the tube in this type of ap- 
paratus, the same filtration (equivalent to 5 
mm. of copper) was used throughout. 

In addition, “linkage” experiments were car- 
ried out in which only one of the factors was 
varied rapidly , so as to have key readings under 
as nearly identical conditions as possible. For 
instance, In one such experiment, readings were 
taken with all the ionization chambers in quick 
succession, maintaining all the other factors 
constant. 

The work with 200 kv. roentgen rays in 
volved the use of a vertical phantom in addition 
to the horizontal one. Kor purpases of direct 
comparison, the results given in this paper, 
however, are those obtained with the horizontal 
phantom which was used with the other two 
sources of radiation. While the tube voltage 
was maintained at 200 kv. the filter was varied 
from © to a maximum of 3.42 mm. of copper. 
Thus a large number of readings had to be 
taken, extending over a considerable time. Ac 
cordingly, “‘linkage’’ experiments were made in 
this case also. 


A corresponding set of experiments was car 


ried out with the radium pack as a source of 


gamma rays. In this case, however, the field 
area could not be controlled readily, and no at 
tempt was made to vary the cross sectl yn of the 


beam which emerges from the conical port of 


the lead container. The filter, equivalent to 
2mm. of lead, was kept constant. On the other 
hand, since distance plays a more important 
part in this case, the experiments were carried 
out at three different distances: 8.8, 13.8, and 
18.8 cm., from the center of the radium con 
tainer to the center of the ionization chamber. 


* The actual sequence of the experin 
ferent trom the or viven here tor th 


Course, is immaterial, 
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RESULTS 


The data obtained in the course of the 
above experiments are so numerous that 
it is inadvisable to present and discuss 
them completely in this paper. Accord- 
ingly some of the practical results only will 
be given. 

Depth Doses. In Table 11 are given the re- 
sults obtained with some typical ioniza- 
tion chambers, using the horizontal water 
phantom and three qualities of radiation, 
the data being reduced by calculation to 
the same target- (or radium-) skin dis- 
tance of 50 cm. This reduction introduces 
no appreciable error in the depth doses for 
200 and 700 kv. roentgen rays, because the 
target distance at which the measure- 
ments were made (67 cm.) is not very dif- 
ferent from so cm. Furthermore, check 
measurements were made with 200 kv. 
roentgen rays, using some of the chambers 
and the so cm. distance. The irradiated 
field of 400 sq. cm. (20 X20 cm.) stated in 
the table refers to the surface of the water 
at socm. from the target. 

In the case of the depth doses for the 
pack, reduced to a s0 cm. distance, the 
extrapolation may have introduced an ap- 
preciable error, since the experimental data 
were obtained at distances of 8, 13, and 18 
cm. However, this is immaterial, since in 
practice it is out of the question to use 
radium at a distance of so cm. Whatever 
error may have been introduced by the 
extrapolation to the so cm. distance cannot 
be large, because the same method of cal- 
culation applied to the three experimental 
distances (8, 13 and 18 cm.) gives con- 
sistent results. Briefly stated, this method 
was as follows: 

Measurements were made with each 
ionization chamber at different distances 
from the radium, both “in air’ and “‘in 
water,” the surface of the water being 8, 
13 and 18 cm. from the radium. Accord- 
ingly it is possible to compare the readings 
in air with the readings in water for any 
particular depth. The ratios of these read- 
ings for the three radium-to-water dis- 
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tances are in very good agreement. There- 
fore, having obtained these ratios, it is only 
necessary to know the readings in air for 
any particular distance, in order to cal- 
culate the corresponding depth doses. The 
readings in air for the 50 cm. distance can 
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gamma rays. The value given in the table, 
400 sq. cm., is approximately the area 
effectively irradiated when the pack is used 
at a distance of 15 cm. 

The data in Table 11 enable us to make 
some interesting comparisons. Thus, the 


TABLE II 


DEPTH DOSES DETERMINED WITH D 


H 


IFFERENT IONIZATION CHAMBERS 


A I B Cc I 
Celluloid Celluloid Celluloid = | Al Copper Lead 
200 kv. 0.46 mm. Cu+2 mm. celluloid 

° 100 100 100 100 | 10¢ I 

2 82.6 85.8 57.0 87.5 | 84.0 81.6 

$9.0 61.1 61.1 65.8 Sg. $5.6 

- ~ +4 | 

44-2 47.9 47-3 44.6 42.3 
10 29.0 41.5 32.0 34.9 29.3 27.9 

20 6.5 roe 6.2 
zoo kv. § mm. Cu (equiv.)+2 mm. Al+2 mm. celluloid 

O 100 100 100 100 | 10 I 

2 $8.5 $3.2 86.0 go.§ Bq. 

5 70.6 62.8 6¢.7 73.9 70.9 61.2 

§7.8 49-9 | 63.0 60.1 49 
10 41.2 35.4 48 .3 44.C 

| 
1S 23.5 20.2 21.9 29.7 | Ig.d 
20 14.1 3.c 83.2 16.7 16.6 | 10.8 
Gamma rays. 2 mm. Pb (equiv.) +6 mm. bakelite+2 mm. celluloid 
(Measurements made at 8, 13, and 18 cm., and reduced to a sc cm. distance by calculation) 

Oo 100 100 100 100 1 I 

2 go.2 8g.2 86.5 

5 76.4 74.4 Chamber | 72:3 Ry 

67.8 6s. I not avail- | 64.6 83.2 64.5 
Ic 56.7 54.0 able at time $4.4 
1§ 41.4 of expts. 41.8 40.7 
ple 29.6 28.5 31.g 37.5 24 


Distance from source to surface of water 
Area of irradiated field—400 sq. cm. 
Chamber completely submerged for zero position. 


cm. 


be calculated very simply by applying the 
inverse square law (starting with a value 
experimentally determined at a sufficient 
distance from the radium—-more than 10 
or 15 cm.). The size of the irradiated field 
with the pack is not readily controllable on 
account of the high penetrating power of 


doses at 10 cm. depth determined with the 
very thin celluloid chamber (chamber H) 
are 29.0, 41.2, and 56.7 per cent, for 200 
kv. roentgen rays, 700 kv. roentgen rays, 
and gamma rays, respectively. Under com- 
parable conditions, therefore, 700 kv. roent- 
gen rays and gamma rays deliver consider- 
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ably larger depth doses. The improvement 
is 42 per cent in favor of 700 kv. roentgen 
rays, and g6 per cent in favor of gamma 
rays. At lesser depths this advantage is 
less marked, while at a depth of 20 cm. it 
becomes very marked. It will be noted fur- 
ther that a distinct increase in depth dose 
with increase in (voltage or) penetrating 
power of the radiation is found with all the 
ionization chambers. The relative increase, 
however, is not the same as in the case of 
the thin celluloid chamber. 

The influence of the material of which 
the chamber is made, and of its wall thick- 
ness, on the depth doses, may be studied 
best by considering each quality of radia- 
tion separately. For 200 kv. roentgen rays, 
the doses at 10 cm. depth increase from 29 
to 32 per cent, or about 10 per cent, as the 
wall thickness of the celluloid chamber in- 
creases from about 0.2 to 3.4 mm. With the 
aluminum chamber of 0.4 mm. wall thick- 
ness, a further increase to 34.9 per cent 1s 
obtained. The copper and lead chambers, 
on the other hand, give a depth dose at 1c 
cm. very close to that obtained with the 
thin celluloid chamber (29 per cent). Con- 
sidering the great differences in atomic 
numbers of the materials used, this close 
agreement is quite remarkable. It is un- 
doubtedly due to a peculiar combination 
of circumstances whereby the “‘wall effect”’ 
for the quality of radiation at the surface 
of the water 1s about the same as that for 
the quality of radiation at a 10 cm. depth, 
even though the actual spectral distribu- 
tion of the radiation at the two levels is 
different. 

On the basis of this slight variation of 
depth dose with the material of the cham 
ber (for 200 kv. roentgen rays), one might 
conclude that almost any small chamber ts 
satisfactory for such measurements. This 
conclusion, however, is not warranted be- 
cause the data at hand are not sufficient 
for such a broad generalization. It will be 
seen, in fact, that the three celluloid cham- 
bers, which are identical except for the wall 
thickness, give values for the depth doses 
at cm. of 2g to 32 percent. 
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In the case of the 700 kv. roentgen rays 
the variation of depth dose with respect to 
the chamber is much more marked and 
quite irregular. The three celluloid cham- 
bers give depth doses at 10 cm. of 41.2, 
35.4, and 38.1 per cent, respectively, in 
the order of increasing wall thickness. The 
corresponding values obtained with the 
aluminum, copper, and lead chambers, are 
respectively 48.3, 44.0, and 33.9 per cent. 
Similar discrepancies exist among the 10 
cm. depth doses for gamma rays obtained 
with the same ionization chambers. It may 
be of interest to note that the highest depth 
dose in the case of 200 kv. roentgen rays 
was obtained with the aluminum chamber, 
in the case of 700 kv. roentgen rays with 
the aluminum chamber also, but in the 
case of gamma rays the copper chamber 
gave by far the highest value. 

In view of these variations, one is con- 
fronted with the problem of deciding which 
chamber, if any, gives the “‘correct”’ values. 
This cannot be done without defining what 
we mean by correct values. It will be seen 
from the results presented in subsequent 
papers of this symposium that, in general, 
the quality of radiation exerts a consider- 
able influence on the effects (chemical and 
biological) produced by radiation. Ac- 
cordingly the criterion for the choice of the 
proper depth doses involves in some way 
a knowledge of the effectiveness of radia- 
tion of the wave-length ranges which ob- 
tain at the surface and at different depths, 
so far as the particular change desired is 
concerned. This question, which is being 
investigated further, will be discussed in 
subsequent publications. 

At this time, however, we might consider 
whether any of the chambers used in the 
experiments permit us to express depth 
doses in terms of the roentgen. A great deal 
has been written about “air wall’? cham- 
bers. Briefly, a small chamber of the type 
we used is considered to have an air wall 
if it gives readings which run parallel with 
the readings of the standard air chamber, 
over a certain range of wave-lengths. This 
criterion was applied to our thin celluloid 
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chamber (chamber H) and the results are 
given in Figure 6. The wave-length range 
is indicated by the half-value layer, which 
extends from o.1 to 1.5 mm. of copper. 
The radiation used for each experimental 
point on the curve was not homogeneous, 
and the maximum tube voltage was 200 kv. 
The relation of the small chamber to the 
standard chamber is expressed in terms of 
the “effective volume”’ of the small cham- 
ber. This is determined as follows: The 
intensity of a beam of roentgen rays at a 
certain point is determined in roentgens 
per minute by means of the standard air 
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Kic. 6. Comparison of thin celluloid chamber with 
standard air chamber for different qualities of 
radiation. 


chamber. The small chamber is then placed 
with its center at the same point of the 
beam and the ionization current is meas- 
ured in e.s.u. (electrostatic units). Then 
Effective volume = 
r/min. 

If the chamber had “‘air walls” its effective 
volume would be the same for all qualities 
of radiation. 

It will be seen from the graph that, while 
the effective volume of chamber H is not 
constant, the discrepancy is not marked, 
considering the large range of wave-lengths 
over which the comparison was made. It 
cannot be said with certainty, however, 
that the long wave-length limit of this 
range includes the longest wave-length 
present at different levels of the water 
phantom at which measurements were 
made. Since at this limit the discrepancy 
between the celluloid and the standard 
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chambers becomes considerable, we cannot 
say definitely that the thin celluloid cham- 
ber can be used to express depth doses in 
roentgens. The very thin celluloid wall of 
this chamber allows very soft radiation to 
reach and ionize the air volume. But no one 
knows definitely at present whether the 
very soft radiation which is present in an 
irradiated tissue, due to scattering, etc., 
and which may be biologically effective, 
produces the full quota of effect in such 
an ionization chamber. Certain experiments 
indicate that the percentage of “‘back- 
scattering” is about the same whether it 
is determined by means of such an ioniza- 
tion chamber or a biological indicator.*.’ It 
appears, therefore, that, as a first approxi- 
mation, our thin celluloid chamber may be 
used for the measurement of depth doses 
in roentgens in the case of 200 kv. roentgen 
rays. The problem, however, deserves fur- 
ther study. 

There have been many serious difficulties 
which have prevented our making measure- 
ments of 7oo kv. roentgen rays with a 
standard air chamber under proper con- 
ditions. Accordingly the effective volume 
of the celluloid chamber for this quality of 
radiation cannot be determined without 
making certain assumptions. In the ex- 
pectation of being able to solve this prob- 
lem later, we shall not express our meas- 
urements of 700 kv. roentgen rays in roent- 
gens. Some doubt exists as to the measure- 
ment of gamma rays by means of a stand- 
ard chamber, and the same caution ts de- 
sirable in this case also. These remarks 
apply to the measurement of 700 kv. roent- 
gen rays and gamma rays, whether “‘in air” 
or with “back-scattering.”” But if we limit 
ourselves to the re/ative depth doses, then 
the thin celluloid chamber is probably just 
as good for these qualities of radiation as 
it is for 200 kv. roentgen rays. Kor this 
reason the results given in Tables 11 and 
iv are based on measurements made with 
this chamber. 

It is well known that the size of the ir- 
radiated field makes a considerable ditfer- 
ence in the time of exposure required to 
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Taste III 


INFLUENCE OF SIZE OF FIELD ON DEPTH DOSES 


Depth Irradiated Area in sq. cm. 
cm. 25 & | 2 4 
gl I 106 11 

2 78 8 1 11 118 
5 71 84 1 115 128 
68 82 11g 134 
I 123 142 
1s I 27 1S4 
2 : 74 13 162 
Voltag kv. peak 

Filter—<s mm. Cu (equiv.)+2 mm. Al+2 n. ¢ 


Very thin celluloid chamber (H) used. 


Chamber completely subn | for zero position. 


produce a given etfect on the patient's skin, 
e.g., a certain degree of erythema. Accord- 
ingly it is important to know what ad- 
justments in exposure time must be made 
when the size of the field is varied accord- 
ing to the requirements of the area treated. 
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pendent of the wave-length for 200 to 700 
kv. roentgen rays. The actual amount of 
back-scattering, however, is different for 
the two qualities of radiation, being con- 
siderably smaller for 700 kv. roentgen rays 
than it is for 200 kv. roentgen rays. (The 
data on this effect will be published in a 
subsequent paper.) 

Table 111 contains also the correction fac- 
tors to apply to depth doses determined 
with a given field when fields of different 
areas are used. For instance, the intensity 
of radiation at a 10 cm. depth obtained 
with the thin celluloid chamber, using 700 
kv. roentgen rays under the conditions 
stated in Table 11, is 41.2 per cent for a 400 
sq. cm. field. The corresponding depth dose 
for a 100 sq. cm. field can be calculated by 
means of the data in Table 111. Thus, at the 
surface the intensity is less with the 100 
sq. cm. than with the 400 sq. cm. field in 
the ratio of 100 to 110. At the 1o cm. depth 


TaBie IV 


DEPTH DOSES OBTAINABLE WITH RADIUM PACK AT DIFFERENT DISTANCES 


Depth 
cm. 
2 64 6 
36.8 40.5 
20 .§ 29.0 34 
] 2% 
1S I | 
Hd 
Very thin « uloid chamber (H) use 1. Chamber comy tely 


Correction factors for this purpose were 
published by us® in 1923 relating to 200 kv. 
roentgen rays. The ones obtained in the 
course of the present investigation agree 
quite closely with the old ones. Similar 
data for 7oo kv. roentgen rays are now 
given in Table 1. It may be pointed out, 
incidentally, that the field area correction 
factors for 7oo kv. roentgen rays do not 
differ materially from the corresponding 
ones for 200 kv. roentgen rays. This shows 
that the increase in back-scattering with 
increase in field area is substantially inde- 


listance from Source to Surface of Water—cm. 


12 2 

| 100 

$3.5 
49 54.9 
37-9 43.2 
20.3 30.4 39.2 
18.7 26.5 

10.3 13.4 20.7 

ubmerged for zero position, 


the corresponding decrease in intensity is 
in the ratio of 100 to 142. Therefore the 
percentage depth dose for the 100 sq. cm. 
field, other conditions remaining the same, 
110 
= 32 per cent. 

142 

The data in Table tv are given in order 
that the comparison of depth doses obtain- 
able with the three qualities of radiation 
may be made with the radium pack at the 
distances used in actual practice. It will be 
seen that when the radium-skin distance is 
6 cm. the depth dose at 10 cm. is only one- 
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half that obtained with 200 kv. roentgen 
rays (so cm. distance). It is only when the 
radium-skin distance is 15 cm. that the 
depth doses obtained with the pack attain 
the values for 200 kv. roentgen rays. In 
this case the pack has an increasing ad- 
vantage over 200 kv. roentgen rays for 
depths greater than 10 cm. With the ra- 
dium at a 20 cm. distance, the doses at a 
depth of 10 cm. are comparable to those 
obtained with 700 kv. roentgen rays, and 
are even better for the 15 and 20 cm. 
depths. 

In view of the influence which the ma- 
terial and wall thickness of the ionization 
chamber (as well as other structural and 
experimental factors) exert on the magni- 
tude of the depth doses obtained with 
different qualities of roentgen rays, it is 
hardly necessary to compare in detail the 
results obtained by us with those obtained 
by other investigators. Differences are to 
be expected because different ionization 
chambers and different experimental set- 
ups were used. Also it must be borne in 
mind that, as shown by Weatherwax and 
Leddy,'® the position of the ionization 
chamber for the surface or “zero depth” 
reading influences the magnitude of the 
measured depth dose. As previously stated, 
the measurements reported here were made 
with the chamber just submerged when the 
“surface” reading was obtained. The cham- 
ber was then moved, let us say, 10 cm., and 
the reading obtained in this position was 
used to calculate the depth dose at 10 cm. 
Accordingly, in this case the chamber was 
at a greater depth than it would have been 
had we started to reckon depth from the 
half-submerged position of the chamber. 
With a chamber about 2 cm. in diameter 
this makes a considerable difference in the 
depth dose. 

There are few data on depth doses ob- 
tainable with voltages higher than 200 kv. 
Our values, however, are much lower than 
those reported in the Revue de la Com- 
pagnie Générale de Radiologie (Nov.—Dec.) 
for a (lower) voltage of 400 kv. The dis- 
crepancy is undoubtedly due to the differ- 
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ence in experimental set-up. In fact, the 
depth doses given in the same report for 
200 kv. roentgen rays are also higher than 
ours in about the same ratio as those for 
400 kv. roentgen rays. Furthermore, the 
400 kv. depth doses are about the same as 
would be obtained by using gamma rays 
under the same conditions. This would al- 
low for no increase in depth dose when the 
quality of radiation is changed from 400 
kv. roentgen rays (§ mm. Cu filter) to that 
of gamma rays. We feel, therefore, that our 
depth dose determinations conform more 
closely to radiotherapeutic conditions than 
those in the French report. 

In view of the fact that the depth doses 
obtained with 7oo kv. roentgen rays are 
considerably higher than those for 200 ky. 
roentgen rays, it is evident that ky. 
roentgen rays are much to be preferred for 
the treatment of deep-seated tumors. It is 
true that a comparable increase in depth 
dose may be obtained by using 200 ky. 
roentgen rays with a longer target-skin 
distance than the usual so cm. But if this 
is attempted the filter should be increased 
also, otherwise the required distance will be 
too long. 

Considering the desirability of using the 
highest obtainable depth doses in the treat- 
ment of certain deep-seated tumors, it is 
evident that this desideratum can best be 
met by using the highest voltage available 
and the longest practical target-skin dis- 
tance. Roentgen rays produced at 700 kv. 
(peak) filtered by 5 mm. of copper give 
depth doses which are considerably lower 
than those obtainable with gamma rays 
under comparable conditions. Therefore 
it is desirable to develop roentgen tubes for 
still higher voltages. 


SUMMARY 


1. The distribution of radiation in a 
water phantom has been investigated, un- 
der comparable conditions, for 200 kv. 
roentgen rays, 700 kv. roentgen rays, and 
gamma rays. 

2. For this purpose, several small spheri- 
cal ionization chambers were used. The 
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data given in this paper were obtained with 
three celluloid chambers of different thick- 
nesses and three metal chambers made re- 
spectively of aluminum, copper, and lead. 

3. In general, the material of which the 
ionization chamber is made and its wall 
thickness influence the depth dose values, 
due to the variation in the quality of radia- 
tion within the depth of water. 

4. A small ionization chamber of the 
type required for depth dose measurements 
must have no wall effect over the range of 
wave-lengths present in the water phan- 
tom, in order that depth doses may be ex- 
pressed in terms of the roentgen. The very 
thin celluloid chamber meets this require- 
ment more closely than any other used in 
our experiments. Further investigation is 
necessary, however, before we can say defi- 
nitely that such a chamber ts satisfactory 
for this purpose. 

5. It has been impossible so far to make 
the proper comparison between a small 
ionization chamber and a standard air 
chamber in the case of 7oo kv. roentgen 
rays and gamma rays. For this reason it is 
preferable at present not to assume that a 
small 1onization chamber can be calibrated 
to read correctly in terms of the roentgen 
from 200 kv. roentgen rays to gamma rays. 

6. The relative depth doses at 10 cm. 
depth obtained under comparable con- 
ditions with 200 kv. roentgen rays, 700 kv. 


roentgen rays, and gamma rays, are re- 
spectively 29.0, 41.2, and 56.7 per cent. Ac- 
cordingly from this point of view, 700 kv. 
roentgen rays are considerably better than 
200 kv. roentgen rays, but not so good as 
gamma rays. 

7. Owing to the fact that the high cost of 
radium precludes its application at dis- 
tances comparable to the target-skin dis- 
tances generally employed in roentgen 
therapy, the advantage of the greater pene- 
tration of gamma rays 1s not fully realized 
in practice. When a radium pack is applied 
at a distance of 15 cm., the dose at a 10 
cm. depth is approximately the same as 
that delivered by 200 kv. roentgen rays, 
filtered by about 0.5 mm. of copper, using 
a target-skin distance of 50 cm. and a field 
of 400 sq. cm. 

8. Depth doses for the radium pack have 
been determined for distances in the practi- 
cal range of 6 to 20cm. 

g. The influence of the size of the ir- 
radiated field on depth doses has been in- 
vestigated both with 200 and 7oo kv. 
roentgen rays. A table of correction factors 
for 700 kv. roentgen rays is given.* 

The authors wish to express their indebtedness to 
Mr. S. Suozzi and Mr. R. C. Woods for the valuable 
assistance rendered during the course of the experi- 
ments, and to Mr A. Schreiner and Mr. K. Bender, 


of our machine shop, for the construction of the ap- 
paratus. 


* For discussion see page 362 


REFERENCES 


1. CootipGe, W. D., Dempster, L, E., and 
H. bk. High voltage cathode ray and x-ray tubes 
and their operation. Physics, 1931, 7, 230-244. 

2. CooLtipce, W D., Dempster, L. E., and Tanis, 
H. E. A high voltage induction coil and cas- 
cade tube roentgen-ray outfit. Am. J. Roent- 
GENOL. & Rap. THERAPY, 1932, 27, 405-414. 


3. Faitia, G. Design of a well-protected radium 
“pack.” Am. J. RoentGenov. & Rap. THER- 
APY, 1928, 20, 125-141. 

4. Fattia, G. A new instrument for measuring x- 
radiation. Radiology, 1930, 15, 437-448. 

§. G., and Hensuaw, P. S. The relative bi- 
ological effectiveness of x-rays and gamma 
rays. Radiology, 1931, 17, 1-43. 

6, Faria, G., and Quimsy, E.. H. The economics of 

dosimetry in radiotherapy. Am. J. Roent- 

GENOL, & Rap. THERAPY, 1923, 70, 944-967. 


Packarpb, C. The biological measurement of 
scattered radiation. 7. Cancer Research, 1929, 
13, 373-382. 

8. Quimsy, E. H., and McNarttin, R. F. The 
change in quality of roentgen rays on passing 
through tissue. Am. J. RoentGENoL. & Rap. 
THERAPY, 1932, 28, 236-244. 

g. Rees, W. J., and Ciark, L. H. On the quality 
and significance of the scattered radiation 
produced in water subjected to beams of x- 
rays and gamma rays. {Brit. 7. Radiol., 1932, 
432-445. 

10. WEATHERWAX, J. L., and Leppy, E. T. Stand- 

ardization of ionization measurements of in- 

tensity and measurements of scattered and 
secondary x-rays effective in producing an 
erythema. Am. J. Roentcenot. & Rap. 

THERAPY, 1923, 0, 488-493. 


e 
r 
n 

S 
a 
e 
; 
t 

r 
n 
'S 
Tr 
Is 

h 
: 
n 
1S 
1e 

is 
le 
ve 
ys 
re 
or 

a 

n- 
nd 
ri- 
he 


M ARCH 


» 1933 


THE RELATIVE EFFECTS PRODUCED BY 200 KV. 


ROENTGEN RAYS, 


700 KY. 


ROENTGEN RAYS, 


AND GAMMA RAYS 


Il. COMPARISON BASED ON EFFECTS ON IODIDES, 
EDER’S SOLUTION, AND PHOTOGRAPHIC FILM* 


By H. Q. WOODARD, Pu.D., E. 


H. QUIMBY, M.A., and H. R. 


DOWNES, Px.D. 


Chemical and Biophysical Laboratories, Memorial Hospital 


NEW YORK CITY 


INTRODUCTION 
HE USE of a chemical standard for de- 
termining quantity of roentgen radia- 
tion has been advocated from time to time, 
various chemical reactions having been 
proposed for the purpose. A number of 
different reactions can be brought about 
by the action of ionizing radiations, and 
theoretically any of these could be used as a 
standard. As a matter of fact, most of them 
are open to serious objections for this pur- 
pose. Many of them require such large 
amounts of radiation to bring about meas- 
urable changes as to be impractical. The 
photographic reactions, on the other hand, 
require such small amounts that they can- 
not readily be used for radiations of any 
great intensity. They are, nevertheless, 
very useful in certain cases. Of the reac- 
tions falling in a convenient range as re- 
gards quantity of radiation necessary, some 
require very complicated technique in their 
investigation—-a drawback for a_ stand- 
ardization reaction. Others occur in com- 
pounds which are somewhat unstable under 
control conditions, so that a _ relatively 
large part of the reaction is spontaneous. 
There are, however, two chemical reactions 
which have been studied at Memorial 
Hospital and found quite satisfactory for 
purposes of standardization. One of these, 
the precipitation of mercurous chloride 
from Eder’s solution, has been described 
elsewhere.! The other, the liberation of 
iodine from certain iodides in acid solution, 
will be described in full in this paper. 
The present report is a part of a com- 
prehensive comparison of three different 


* Read at the Thirty-third Annual Meeting, American Roentgen Ray Society, Detroit, Mich., Sept. 27 
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types of radiation from many angles. 
radiations used were: (1) roentgen 
generated at 165 or 200 kv. 
filter of 1.65 mm. Cu, 0.5 mm. Al, and }.c 
mm. celluloid; (2) roentgen rays of 700 kv. 
peak, with a filter equivalent to 5 mm. Cu, 
2mm. Al, and 3.5 mm. celluloid; (3) gamma 
rays, with a primary filter equivalent to 2 
mm. Pb, and a secondary filter of 6 mm. 
bakelite, and 1.0 mm. celluloid. The output 
of the 165 kv. x-ray machine was deter- 
mined in roentgens by means of a standard 
air ionization chamber. This method, how- 
ever, has not been fully developed to per- 
mit its application to roentgen rays at con- 
siderably higher voltages, or to gamma 
rays. Therefore the measurement of these 
types of radiation has been made by means 
of all the reactions included in this study. 
lor example, if the 165 kv. roentgen rays 
precipitated 0.5 mg. of mercury as 
curous chloride from ¢§ c.c. of E-der’s solu- 
tion in half an hour with an exposure of 2 

roentgens, it could be stated that the dep- 
osition of 1 mg. of 


The 
rays 
peak, with a 


mer- 


mercury would cor- 
respond to 400 r. If now in an equal time, 
the 7oo kv. radiation precipitated 
of mercury, 


.4 mg. 
it could be said to have de- 


livered 400 x+ =16o r. Its output would 
IC 


then have been Bai §.3 r per minute. 

If it is true that the production of a 
chemical change depends only on the quan- 
tity of radiation used and not on the 
quality, then the values found for the out- 
puts of the three sources should be the 
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same by all chemical methods of measure- 


ment. If, on the other hand, the factor of 


quality enters, these values may be differ- 
ent for every reaction used. 

In this paper will be presented the results 
of comparisons based on the two reactions 
already mentioned, and on the darkening 
of photographic films, with and without the 
addition of intensifying screens. 


LODIDES 


Method. Preliminary experiments show ed 
that the concentration of iodine liberated 
by roentgen radiation from an acid solution 
of potassium 1odide was approximately pro- 
portional to time of irradiation at a given 


roentgen-ray setting. The concentration of 


iodine liberated was too low for accurate 
determination by the usual method of titra- 
tion against thiosulphate, and most colori 


metric methods for determining traces of 


iodine involve elaborate manipulations.?* 
It was therefore necessary to develop a 
rapid and accurate method for determining 
the iodine content. The following method 
was found to be satisfactory: 

A standard solution of iodine was made 
up by placing about 
iodine and about 1. 


.125 gm. resublimed 
gm. potassium 1odide 
in a §00 c.c. volumetric flask with 10 c.c. 
of water, shaking until the iodine was dis 
solved, and making up to 500 c.c. The solu 
tion was then standardized by titrating 
against s N sodium thiosulphate, with 
starch as an indicator. It was necessary to 
standardize the solution every two days for 
the first two weeks after preparation, as the 
concentration was found to change some 
what during this time. After the first two 
weeks the concentration remained un- 
changed in the neighborhood of 0.002 N 
for three months, and was checked only 
once a week. The solution was kept in the 
dark. 

Stock solutions of potassium or lithium 
iodide of double the concentration of the 
mixture to be irradiated were made up in 
volumetric flasks. These solutions would 
keep for a week in the dark without ap 
preciable spontaneous liberation of iodine. 
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It is important that the solutions should 
be made up in volumetric flasks rather than 
by the addition of a measured volume of 
water to the solid salt, as considerable 
change in volume occurs on solution. Tem- 
perature change also occurs so that the 
solutions should be allowed to come to 
room temperature before the final few 
drops of water are added. 

Two per cent starch solution was made 
up by making a paste of 2 gm. of soluble 
starch in 10 c.c. of cold water, adding this 
slowly to 90 c.c. of boiling water, and boil- 
ing for five minutes. The solution was 
slightly opalescent without visible floccula- 
tion, and would keep for a week. 

Stock solutions of N/1 H.SO, and N/1 
HNO, were kept on hand. 

Immediately before the beginning of ir- 
radiation the above solutions were mixed 
and diluted to the required concentration. 
The mixture most frequently employed 
contained 1o per cent KI, 0.05 N H.SO,, 
and 0.§ per cent starch. As explained be- 
low, lithium iodide was also investigated, 
as well as solutions containing different 
concentrations of KI and of H.SO,, and a 
solution containing 10 per cent KI and 

s N HNO. All of these acid iodide solu- 
tions underwent spontaneous decomposi- 
tion of iodide with liberation of iodine. 
This decomposition was much more rapid 
in the light than in the dark. Hence they 
were placed in a dark box as soon as pre- 
pared, kept there until they were irradi- 
ated, and were shielded from the light of 
the roentgen tube during irradiation. Even 
with these precautions some spontaneous 
liberation of iodine took place. The amount 
of this spontaneous decomposition was de- 
termined by reserving a portion of each 
solution as a control. The control was kept 
in the same box with the experimental solu- 
tion and its iodine concentration was read 
at the end of the experiment and sub- 
tracted from the experimental readings. 

At the same time that the experimental 
solution was prepared, a standard was made 
up by diluting the stock iodine standard 
to one-tenth its concentration with iodide 
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and starch, so that the final concentration 
of iodide and starch in the standard was 
the same as in the experimental solution. 
As an example, if the experimental solu- 
tion contained 10 per cent KI, 0.05 N 
H.SO,, and 0.5 per cent starch, the stand- 
ard was made by placing 2.5 ¢.c. of 0.0021 
N iodine, 12.5 c.c. of 20 per cent KI and 
6.25 c.c. 2 per cent starch in a 25 c.c. volu- 
metric flask and making up to 25 c.c., the 
final concentration of iodine being 0.0002 

N. As no acid was used in the preparation 
of the standard, this would keep for twelve 
hours without appreciable change in con- 
centration. 

After irradiation of the experimental 
solutions, the concentration of todine liber- 
ated was read by comparison with the 
standard in the colorimeter. 

It was found that the concentration of 
starch employed (0.5 per cent) was suffi- 
cient to combine with all the iodine liber- 
ated by the largest doses of radiation 
studied, so that the depth of color observed 
was directly proportional to the iodine con- 
centration.* The reason for adding the 
starch before irradiation of the solutions 
was not only to avoid the dilution errors 
which would have occurred had the starch 
been added to small portions of the iodide 
solution after irradiation, but also to sta- 
bilize the iodine. Dilute solutions of iodine 
are unstable when exposed to the air, but 
the starch iodine compound was found to 
be fairly stable. There was no evidence 
that the radiation produced any change in 
the starch itself which caused secondary re- 
actions with the iodine. 

It is necessary that the concentration of 
iodide in the standard should be very 
nearly the same as that in the unknown. 
This is because the color of the starch- 
iodine solution containing a constant con- 
centration of starch and iodine varies from 
a deep blue when only traces of iodide are 


* Since the paper was submitted for publication it has been 
found that this proportionality does not hold over as wide a 
range of concentration as that for which it has been employed. 
The figures given herewith are therefore in error by amounts up 
to about § per cent of the total concentrations reported. Further 
work on the method is in progress. 
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present to a pale red-brown in 25 per cent 
KI solution. Since at the maximum roent- 
gen exposures used, only about 1. | of 
the iodide originally present was decom- 
posed by irradiation, the concentration of 
iodide in the experimental solutions was 
not sufficiently changed to affect the color 
of the starch-iodine compound. 

All experiments with the 165-200 ky. 
and the 700 kv. roentgen rays were done at 
least in duplicate. The dishes or cells con- 
taining the solutions for duplicate deter- 
minations were placed diagonally opposite 
each other in the roentgen field, so that any 
possible asymmetry in the field would not 
affect the averages of the results. Fach 
experiment usually consisted of a series of 
five to seven exposures in duplicate of por- 
tions of the same solution irradiated for 
different times or with different filters. As 
the time required to read such a series of 
solutions in the colorimeter was from 
thirty to forty-five minutes, appreciable 
spontaneous liberation of todine could take 
place between the time of the first and the 
last readings. For this reason the different 
members of a series were always read in 
definite order. Suppose the different sam- 
ples of solution in the series to be A; and 
A., B, and B.,——F,; and F., solutions of the 
same letter being duplicates. The readings 
were made in the following order Control, 
Ai, By, Ci, Dy, Fa, Fi, Fe, De, Co, Be, As, 
Control. In this way, the average time of 
reading all the solutions and the controls 
was the same. Where only two or three 
solutions had to be read, this procedure was 
not necessary. The maximum time elapsing 
in any experiment between the preparation 
of the solution and the final analysis was 
four hours. 

Part of the solutions were irradiated in 
glass crystallizing dishes 46-49 mm. in 
diameter, covered with a sheet of celluloid 
o.g mm. thick. The remainder of the solu- 
tions were irradiated in disk-like celluloid 
cells 60 mm. in internal diameter, 
wall thickness, 4.5—S.0 


6mm. 
mm. thickness be- 


tween walls, capacity about 15 c.c. They 
were filled through an aperture about 1 


4 
: 
— 
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mm. long in the rim. When they were used 
in a horizontal position the apertures were 
closed by wide rubber bands which passed 
entirely around the rim of the cell. 

Experimental. A satisfactory chemical 
method of measuring radiation should ful- 
fill certain requirements. 

A. It should be effective over the range 
of therapeutic dosage. 

B. The effect observed should be pro- 
portional to time of irradiation, other con- 
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0.§ per cent starch may be used over a 
range of 50 to 600 r. The therapeutic range 
is well within this. The method is also 
effective over the therapeutic range for the 
radium element pack and the 700 kv. roent- 
gen machine. 

B. Time of exposure. If the effect ob- 
served is proportional to time of exposure 
to radiation, other conditions being con- 
stant, then when the concentration of 
iodine liberated from a given solution is 
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Fic. 1. Effect of time of irradiation with 165 kv. roentgen rays on the concentration of iodine liberated from 


different 10d1ide solutions. 


ditions being constant, and there should be 
no Zero error. 

C. It should be reproducible from day 
to day. 

let us see how well the 1todide method 
fulfills these requirements. 

A. The effective range. For the x-ray 
setting 165 kv., 1g} ma., 
tance, 1.65 mm. Cu, 


cm. target dis 
.§ mm. Al, 3. 
celluloid filter, a solution containing | 
cent Kl, 


mm. 
per 
N HoSO,, 0.5 per cent starch 
will give a satisfactory measure of quanti- 
ties of radiation from about 200 to 2 
roentgens. lor the same setting a solution 
containing 25 per cent KI, 0.05 N H.SO,, 


plotted against time of irradiation, the re- 
sulting curve should be a straight line and 
the line should pass through the origin. 
Such curves were plotted for four different 
solutions for three types of irradiation. 
The solutions were: 


10 percent KI,o.05 N H2SQO,, § per cent starch. 
10 per cent KI, 0.05 N HNOs, § per cent starch. 
10 per cent Lil, o.os N HeSOx,, 5 per cent starch. 
25 per cent KI, 0.05 N 5 per cent starch. 


The types of radiation were: 


165 kv.; 19} ma.; 1.65 mm. 
3.5 mm. celluloid; ¢ 
center of solution. 


Cu, 0.5 mm. Al, 
cm. from target to 
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700 kv.; 27 ma.; 5.0 mm. Cu, 2.0 mm. Al, 
3-5 mm. celluloid; 48.5 cm. from target to 
center of solution. 

Radium element pack; primary filter equiva- 
lent to2 mm. Pb; secondary filter of 6mm. 
bakelite; 1.0 mm. celluloid; 7.0 cm. from 
radium to center of solution. 


Figures 1, 2 and 3 show the results of this 
work. Each curve for roentgen radiation 
represents a single experiment, so that long 
period variation in the output of the ma- 


H. Q. Woodard, E. H. Quimby, and H. R. Downes 


cording to the solution used, the concen- 
tration of iodine liberated by irradiation, 
and the time elapsing between the prepara- 
tion of the solution and the final analysis. 
Kor all experiments in glass containers the 
control readings for a given time are very 
constant. There is, however, considerable 
variation in the controls in the celluloid 
cells, and the spontaneous liberation of 
iodine in celluloid is usually much more 
rapid than in glass. The behavior of lithium 
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Fic. 2. Effect of time of irradiation with 7oo kv. roentgen rays on the concentration of iodine liberats 


different iodide solutions. 


chine is avoided. Each curve for the radium 
pack represents several experiments. Points 
on the roentgen curves are averages of two 
determinations; points on the radium curve 
are for single determinations. It is seen 
that, within the limits of experimental 
error, all the curves are straight lines. As 
was explained above, there is a large zero 
correction in all these experiments, owing 
to the spontaneous liberation of iodine in 
the acid iodide solutions. The correction 
amounts to from § to 75 per cent* of the 
total concentration of iodine observed, ac- 


* Large percentage corrections were necessary only in read- 
ing the effect of very short exposures to gamma radiation 


ad from 


iodide in celluloid is especially variable, so 
that considerable error is probably intro- 
duced into the final figures for this solution. 
However, the curves all pass very nearly 
through the origin after zero correction has 
been applied. It appears then that iodine 
is liberated from all of the four solutions in 
concentrations proportional to the time of 
irradiation, other conditions being con- 
stant. 

C. Reproducibility. For a solution con 
taining 10 per cent KI, 0.05 N H.SQO,, 0.5 
per cent starch, the analytical error, as 
shown by differences between different 
portions of the same solution irradiated at 
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the same time, amounts to differences in 
concentration of 9¢ N. This means 
that the actual error in determining quan- 
tities of radiation ranges from 10 per cent 
to I per cent according to the concentration 
of iodine measured. 

The reproducibility from day to day 
with this solution was investigated by mak- 


ing a series of measurements in duplicate of 


quantities of radiation amounting to about 
1000 r delivered by a roentgen machine, 
the output of which could be held very con- 
stant by means of an ionization chamber 
connected to a galvanometer and _ cali- 
brated by means of a standard cell. The 
variation from day to day was found to 
be +0. 4 N. This 1s less than the ana- 


lvtical error, and amounts to an error of 


+2 per cent in the measurement of the 
radiation. The method may therefore be 
used to measure quantities of radiation in 
the neighborhood of | rwitha precision 
of +2 per cent. 

Measurements with the other solutions 
investigated, if made in glass containers, 
can be made with a precision only slightly 
less than that obtainable with solutions 
containing 10 per cent KI ino.os N H.SO,,. 
Measurements made in celluloid containers 
show a much larger variation than those 
made in wlass, how ever. determinations 
made tor the purpose of comparing gamma 
rays, 700 kv., and 165 kv. roentgen rays, 
were made 1n celluloid containers, be- 


cause the kv. roentgen beam hori 


zontal, and irradiation had to be done 
through the side of the container. For this 


reason, and because the concentration of 


iodine liberated yy exposure of iodide solu- 
tions to gamma rays was very low, the 
measurements of gamma rays were accu 
rate to only +10 per cent, and measure- 
ments of 700 kv. and 165 kv. roentgen rays 
were accurate to 5 per cent. 

Betore comparing the effects of different 
qualities of radiation it is desirable to study 
the effect of radiation of a given quality on 
solutions of ditferent concentrations, acidi 
ties and depths. 

Preliminary work on the effect of con- 
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centration of H,SO, on the concentration 
of iodine liberated from to per cent KI by 
roentgen radiation at 200 kv., 0.5 mm. Cu 
filter, shows that the concentration of 
iodine liberated increases slowly with in- 
creasing concentration of acid. This is in 
accord with the findings of Kailan.* Solu- 
tions containing H.SO, in concentrations 
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ic. 3. Effect of time of irradiation with gamma rays 

on the concentration of iodine liberated from dif- 
ferent iodide solutions. 


from 0.001 N too.10 N were examined, and 
it was found that a hundred fold increase in 
acid concentration resulted in an increase 
of only about $0 per cent in the concentra- 
tion of iodine liberated. Since neutral solu- 
tions of KI are almost unaffected by roent- 
gen rays, and since solutions containing 
only 0.001 N H.SO, are conspicuously 
radiosensitive, it is planned to investigate 
solutions of acidities ranging from zero to 
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The negative ion of the acid as well as 
the hydrogen ion influences the liberation 
of iodine from acid KI solutions by radia- 
tion. This is shown by the fact that about 
50 per cent more iodine is liberated from a 
10 per cent KI solution by a given dose of 
165 kv. roentgen radiation when the solu- 
tion contains 0.05 N HNO, than when it 
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Fic. 4. Effect of depth of solution on the concentra- 
tion of iodine liberated from a solution containing 
10 per cent KI, 0.05 N H.SO, when irradiated 
with filtered and unfiltered roentgen rays. 


contains 0.05 N H.SO;. As we shall see 
later, the absorption curves for the two 
solutions also differ. It 1s planned to in- 
vestigate the effect of a number of different 
acids on the radiosensitivity of KI. 

The concentration of iodine liberated 
from solutions containing different concen- 
trations of KI and the same concentration 
(0.05 N) of H.SO, by irradiation at 200 kv., 
30 ma., 0.§ mm. Cu filter, for equal periods 
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of time is almost, but not quite, propor- 
tional to the initial concentration of KI. It 
is planned to make further comparisons of 
different iodides, and of ditferent concen- 
trations of the same iodide in order to 
throw more light on factors influencing the 
exact concentrations of iodine liberated by 
given doses of radiation. It is evident from 
data already at hand that the concentra- 
tion of iodine liberated from KI solutions of 
different concentrations is not greatly in- 
fluenced by the effective atomic number of 
the solutions. 

It appears also that the ratio of the con- 
centration of iodine liberated from 1o per 
cent KI and 25 per cent KI by 200 kv. 
roentgen rays and by gamma rays 1s not the 
same, the ratios found from experiments in 
glass containers being 1:2.70 and 1: 2.28 
respectively. Kurther work is being done 
on this problem. 

If, when a solution ts irradiated, a con- 
siderable part of the radiation is absorbed, 
the lower layers of the solution will receive 
less radiation than the upper. In such a 
case, the deeper the solution irradiated, the 
lower will be the average concentration of 
iodine 1n the solution as a whole. If, how- 
ever, the radiation is of a penetrating type, 
only a small portion of it will be absorbed 
in the upper layers of the solution and the 
concentration of iodine will be almost in- 
dependent of the depth. Figure 4 shows the 
effect of depth of solution on the concen- 
tration of iodine liberated from to per cent 
KI by two types of radiation. For nearly 
unfiltered radiation the concentration of 
iodine decreases with increasing depth; for 
highly filtered radiation the concentration 
is nearly independent of depth. Absorption 
curves also show differences for different 
depths of a solution, as 1s shown in Iigure 
5. The data shown in the curves in this 
figure are calculated as percentage of the 
effect observed with 2.5 mm. copper filter 
in order to show more clearly the ditfer- 
ences between the curves in the region of 
lightly filtered radiation. The relations of 
the curves for solutions of ditferent depths 
to each other and to the ionization curve 
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are very complex. For these reasons com- 
parisons between effects with different solu- 
tions, different types of radiation, etc., 
were made on solutions of the same depth 
unless otherwise stated. Two depth ranges 
were used, 2.6-2.8 mm., or the depth of § 
c.c. of solution in the glass dishes, and 4.5 
so mm., or the internal thickness of the 
celluloid cells and the depth of 9 c.c. of 
solution in the glass dishes. 


kv., 700 kv. Roentgen Rays and Gamma Rays 31 


measurements of the 165 kv. roentgen and 
gamma rays made in celluloid were also 
found to differ somewhat from those made 
in glass. The uncertainties introduced by 
the use of celluloid are not sufficiently large 
to affect the comparisons seriously, how- 
ever. 

The calculations for Table 1 were made 
as follows: The output in r/min. of the 165 
kv. machine was measured with an air 
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200 kv. roentgen rays. 


The outputs of the 7 kv. roentgen ma- 
chine and of the radium element pack have 
been measured using four different 1odide 
solutions and taking as standard the con 
centration of iodine liberated from each 
solution by radiation at 165 kv. with 1.65 
mm. Cu and o.g mm. Al filter. Data for 
this comparison are given in Table 1. It was 
necessary to use celluloid containers for all 
these comparisons owing to the fact that 
the beam of radiation from the 7oo kv. 
roentgen machine was horizontal and the 
exposure had to be made through the side 
of the container. The experimental error 
was therefore larger than for determina 
tions made in glass. The average values for 


5 N H.SO, irradiated with 


ionization chamber, at the experimental 
distance and with the experimental filters. 
This output 1s recorded in column 2 of the 
table. The concentration of 1odine liber- 
ated by the 165 kv. radiation under experi- 
mental conditions was determined, and 
also by radiation at 700 kv. and by gamma 
radiation. These concentrations, all cal- 
culated to the values for 60-minute ex- 
posures are recorded in column 6. From the 
known output of the 165 kv. machine, and 
the concentration of iodine liberated, the 
number of roentgens equivalent to a defi- 
nite concentration of iodine was calculated 
and recorded in column 7. Now, assuming 
that a given number of roentgens will al- 
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ways liberate the same concentration of 
iodine from a given solution, regardless of 
the quality of the radiation, it is possible 
to calculate for each solution, from the 
data in column 7, the number of roent- 
gens equivalent to the concentration of 
iodine set free by the 700 kv. and gamma 
radiations. These figures are recorded in 
column 8. Since these values are all based 
on an exposure time of 60 minutes, the 
apparent intensity of radiation at the dis- 
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tions give different values for each solution 
used, the percentage difference between the 
outputs of gamma radiation as measured 
by the different iodide solutions being very 
much larger than for 700 kv. roentgen rays. 
These differences have been confirmed by 
experiments in glass. They are therefore 
not due to errors from action of the solu- 
tions on the celluloid cells, but indicate a 
real differential action of radiation on the 
ditferent solutions. 


TABLe I 


COMPARISON BASED ON EFFECT ON IODIDES 
All concentrations are calculated to the values for 60-minute exposures 


Average 


r/min. 
No. Concentra- No. os at r/min, 
Fotal r Deter- tion lodine Equivalent Experi at 
Radia- Meas- Meas- Solution mina- Liberated to Calcu- mental Standard 
ured ured tions Normality lated Dis- Distances 
lodine tance 
165 kv. 8.75 §25 io’, Kl 16 243 8.76 8.75 
700 kv. 2.05 N 15 146415 428 6 6% 
Gamma H.SO, 14 147 2.45 24 
165 kv 8.75 525 10% KI ic 257+ 8 204 8.75 $ 
700 kv. 0.05 N g 6} 
Gamma HNO 6 s6+10 114 1.g 
165 kv. 8.75 §25 Lil 8 2 6 257 
700 kv. 0.05 N g 2c 24 8 OY 
Gamma H.SO, sg+ 6 152 2.62 24 
165 kv. 8.75 §25 25% Kl 44g +28 117 8.75 
700 kv. 0.05N 383 +30 448 f 
Gamma H.SO, 11 x 7 


tances at which the chemicals were irradi- 
ated can be calculated by dividing the 
values of column 8 by 60. The results, ex- 
pressed in roentgens per minute, are given 
in column g. For purposes of comparison 
with the results of other experiments pre- 
sented in this symposium, the figures of 
column g have been reduced to standard 
distances of 50 cm. for roentgen rays and 6 
cm. for the radium pack. They are given 
in column Io. 

It is evident from the table that meas- 
urements of the output of the 7oo kv. 
roentgen machine by means of iodide solu- 


EDER’S SOLUTION 

The effect of roentgen rays on Eder’s 
solution has been described in detail in a 
previous publication.' For the present com 
parison, the method of irradiation was in 
general the same as that used with the 
iodine solutions. Instead of 165 kv. roent- 
gen rays, with 1.65 mm. Cu and 0.5 
Al filter, 200 kv. were used, with o.¢ 
Cu and 3 


mm. 
mm. 
mm. Al. It was shown, however, 


that within this range the mercury values 
agreed closely with the ionization measure- 
ments. It is therefore equally satisfactory 
to use either quality of radiation in this 
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case. The comparison is presented in Table 
1 for groups of experiments made during 
a short period of time, the same solutions 
having been used throughout. Each roent- 
gen-ray value in the table is the average of 
four consecutive or simultaneous experi- 
ments which differed little among them- 


TABI 


J 


values in columns 11 and Iv for 200 kv. 
roentgen rays may be determined the num- 
ber of roentgens of this radiation necessary 
to precipitate 1 mg. of mercury from § c.c. 
of solution. Now, assuming that for the 
other qualities of radiation, the same 
amount of mercury will be precipitated by 


COMPARISON BASED ON EFFECT ON EDER’S SOLUTION 


1\ V VI VII Vill 
No. of 
r/min. 
me © r/min. Total Mey. /Hg Potal r at r/min. 
“xposur tal r I 
Measured per § 4 Calcu- Experi- Standard 
ion. sshd Solution* lated mental Distance 
In. Cc. 
m Distance 
Solution 
KV 
s | \~- 
c ‘yf ) 
334 
Av. 33 
kv.-48.5 cm. socm. 
2 ) 26 13 
2 ) 26 1 
2 274 13.7 [3.9 
Ay. 2 265 
Radium Pack .ocm. 6cm. 
6 4.0 
0 O35 209 3-5 4.5 
6 635 20g 
Av. ¢ 62 206 3.4 4.4 
ss I acn Va { n for? t ! i\ iV four ¢ xper ments made in mmewtiate succession or simul- 
tane ISIV; for t adiun pack, it th iveray tw 


selves; each radium value the average of 
two. In column 1 are given the times of 
exposure, In column 11 the outputs in roent 
gens per minute, as determined by toniza 
tion measurements. The total r as meas 
ured (column 111) has been recorded only 
for 200 kv. roentgen rays. In column tv are 
given the milligrams of mercury precipi 
tated per § c.c. of Eder’s solution. From the 


the same number of roentgens, it is possible 
to calculate the total output and the 
r min. for the other sources. This is done, 
and the values recorded in columns vi and 
vil, for the distances actually used in the 
experiments. The last column gives these 
outputs reduced to the standard distances 
of 50 em. for the 700 kv. roentgen rays and 
6 cm. for the radium pack. 
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PHOTOGRAPHIC COMPARISONS 

As has been mentioned earlier in this 
paper, photographic reactions are brought 
about by the use of exceedingly small 
quantities of radiation. The three types of 
radiation compared in this work all have 
considerable intensities, and, in order to 
produce the chemical effects already dis- 
cussed, must operate for a period of at 
least several minutes. Such an amount of 
radiant energy would produce complete 
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tensifying screens; when these were used, 
the longer distances were necessary. Under 
these conditions, exposure times ranged 
between 20 and 120 seconds. 

The precautions necessary when the 
photographic densities of films are to be 
compared have been discussed in a previ- 
ous paper.’ [t may be mentioned that films 
cannot be compared unless they have been 
developed under identical conditions. Prac- 
tically this means that they must have been 
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Kic. 6. Variation in photographic density of unscreened films 
with time of exposure to three types of radiation. 


blackening of films. In order, therefore, to 
use the same types of radiation, it 1s neces- 
sary either to use much shorter times of 
exposure, or much longer distances from 
the source of energy, or both. When intensi- 
fying screens are used, these difficulties of 
course become more pronounced. For the 
purposes of this experiment it was found 
necessary to use the radium pack at 15 and 
45 cm., the 7oo kv. roentgen tube at 145 and 
400 cm., and the 185 kv. roentgen tube at 
200 and 400 cm. With the shorter dis- 
tances, data could be obtained without in- 


developed simultaneously in the same solu 
tions. After the films have been measured 
in a densitometer, comparisons may be 
made only along the parts of the density 
curves which are practically linear, and 
preferably within a range of densities from 
O. 

The experimental procedure was as fol- 
lows: In order to insure the greatest pos- 
sible homogeneity in the test material, for 
each experiment a large roentgen film was 
cut into pieces about 8 X2 cm. Each piece 
was wrapped in three thicknesses of black 
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paper 
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the wrappers being cut to a stand- 

and sealed. kor the work with 
screens, a large screen, of a standard make, 
was cut into pieces of the same size as the 
films; these pieces were matched in pairs, 
and the same two always used together. In 
making a direct comparison of the three 
types of radiation, without screens, about 
75 pieces of film were used. All exposures 
were in triplicate, and for each type of ra- 
diation from six to eight exposure times 
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measured by the films, the amounts of ra- 
diation delivered by the three sources in a 
set of times corresponding to a specified 
density are equal. From this information, 
if the output of one source is known, that 
of the others can be calculated, as will be 
explained later in the paper. 

It was not practicable to follow an 
analogous procedure with the intensifying 
screens. Even with the greatest distances 
possible with the roentgen machines, the 


60 800 
WITH SCREENS 

700 
t¢ 600 
y, 
50 ro) mo 
- fe) | 
° 
a 
= 
200 

4 1.0 1.2 1.4 
TOGRAPHIC DENSITY 

kic. 7. Variation in photographic density of screened and un- 


screened films with time of exposure to three types of radiation. 


were used. The films were then divided 
into three groups, each group containing 
one film from each exposure. All films of a 
group were developed simultaneously in 
the regular developing tanks of the roent- 
genographic department, dental film hold 
ers being used. After drying, the films in 
each group were measured with a photo- 


electric densitometer and curves plotted, of 


the type shown in Figure 6, showing the 
variation in film density with exposure 
time for each type of radiation. From such 
a set of curves can be found directly the 
times of exposure necessary to produce 
equal blackening on the films. Then, as 


exposures had to be very short, so that it 
was difficult to time them accurately. Also 
there was noticeable variation among films 
exposed simultaneously, due to irregulari- 
ties in the screens themselves, although a 
selection of 50 pairs giving the best results 
had been made from a considerably larger 
number. Therefore it was desirable to have 
a great many more exposures for any given 
set of radiation specifications. For this 
reason it seemed better, for each type of 
radiation, to compare directly the action 
on the films with and without screens. 
Then, since comparative data for the three 
types were available for the unscreened 
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films, corresponding results could be cal- 
culated for those with screens. In these 
experiments, for each type of radiation, 
four unscreened and nine screened pieces of 
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scribed above. From these data, curves 
such as those in Figure 7 were constructed, 
showing the variation in photographic den- 
sity with exposure time, for the films with 


TaBL_e III 


I] Ill IV 


| 185 kv. x-rays 
| 204 cm.—O.27 


r/min. 
|| Exposure | 
Experiment | Density Time | Total r 
(Sec.) 
‘ : 
30 | 0.135 
0.5 39 0.175 
0.6 45 0.216 
0.7 57 0.256 
II 40 0.180 
0.5 52 0.234 
0.6 64 0.288 
0.7 75 0.337 
0.4 20 | ©.0g0 
0.5 23 | 0.103 
0.6 26 
0.7 30 0.135 
IV 0.4 23 0.103 
0.§ 2g 0.132 
0.6 36 162 
0.7 43 2.193 
V 0.4 
0.§ 20 .Og 
0.6 25 112 
0.7 31 2.136 
VI 0.4 26 O.117 
0.5 34 0.153 
0.6 42 >.188 
0.7 50 0.225 
Av. 


Av. Reduced to Standard Distances 


film were used for each exposure time. 
They were then divided into two groups, 
each containing two sets of unscreened 
film and four or five sets of screened ones, 
which were developed and measured as de- 


COMPARISON BASED ON EFFECT ON PHOTOGRAPHIC FILMS WITHOUT SCREENS 


VI Vil VIII 
700 kv. x-rays 
145 cm. 


Radium pack 
15cm. 


Exposure | Exposure 
| 


Time r/min, Time r/min. 
(Sec.) (Sec. ) 

67 >.121 35 231 
go 46 228 
117 58 224 
150 0.102 69 .223 
go 0.120 46 
124 0.113 58 242 
7! 244 

84 241 

39 0.138 20 2 
49 .126 25 246 
61 326 29 242 
72 231 
56 11 28 272 
70 113 35 226 
84 42 231 
101 O.11§ 49 236 
$4 O.101 25 216 
65 103 3° 224 
78 ©. 104 2260 
63 852 32 219g 
80 40 229 
gs D.115 49 23 
116 Oo. $7 237 
234 
(at Socm.-1.0 r/min.) (at6cm.-1.18 r/min. 


and without screens. On the curve for the 
screened films, the horizontal lines indicate 
the variation in density among the films 
of the set for a given exposure. From such a 
pair of curves can be found, for the type of 
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radiation in question, the ratio of exposure 
times necessary to produce the same effect 
on screened and unscreened films. This 
ratio is a measure of the relative efficiency 
of the screens for this particular type of 
radiation. 

The results of these experiments may be 
stated briefly. The data for six experiments 
making direct comparisons of the type 
shown in Figure 6 are summarized in Table 
wi. In column 1 1s given the number of the 
experiment, in column 11 the film density 
for which the comparison is made. (These 
densities correspond to the abscissa scale 
in Figure 6.) Columns 111, v and vit give the 
number of seconds’ exposure required to 
produce the specified density with the dif- 
ferent sources of radiation. The variations 
in these values from one experiment to an- 
other are the result of differences in de- 
velopment. Since comparisons are always 
made within a single experiment, these 
variations are not significant. The output 
of the 185 kv. machine, measured in roent- 
gens at the distance used was 0.27 r/min. 
Column tv gives the total amount of radia- 
tion, specified in roentgens, required by 
this radiation to produce any given black- 
ening. It is now assumed that the same 
number of roentgens will produce the same 
blackening, whatever the source, so the 
data of column tv apply also to the 700 kv. 
and gamma rays. Therefore, for these ra- 
diations, the output in roentgens per min- 
ute can be calculated by dividing the total 
r by the time of exposure in minutes. These 
values are given in columns vi and vill 
for 700 kv. roentgen rays and gamma rays 
respectively. It will be noted that, in spite 
of the variations in the experiments, the 
values arrived at for these outputs agree 
very well among themselves. Averages 
have been taken of the data in these two 
columns and the values reduced to stand- 
ard conditions. It is found that the output* 


of the 7oo kv. machine as used was 1. 

* It should be noted that at the time of making this com 
parison a lower output was used on the kv than 
when the solutions were being investigated. In order to obtain 
results for the final table of comparisons, a correction had to be 
made to allow for this in the ratio of 22 6.86. 
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r/min. at $0 cm., and of the radium pack, 
1.18 r/min. at 6cm. 

lor the comparison when intensifying 
screens were used, the data are given in 
Table iv. It is seen that the efficiency of 


TABLE IV 

RELATIVE EFFICIENCY OF INTENSIFYING SCREENS FOR 
DIFFERENT QUALITIES OF RADIATION 
without with 


Yensity | ¢ 
Density | Screens Screens 


Time | Time | 
| Ratio 
| 


| See, Sec. 


185 kv. roentgen rays 


0.4 147 37 
1g§ §.O 39 
6 246 6.0 4! 
29 7.0 4I 
II 226 5.6 40 
4 335 9.3 40 
5 44 10 4! 
Av. 


7 kv. roentgen rays 


53 

4 64 12 §3 

rele 1S 53 

I 3 68 13 $2 
4 g 17 

111 21 52 

Av. 53 


Gamma rays 


I 4 173 29 | 5.9 
| 
5 22 35 6.3 
6 268 41 6.3 
216 48 6.5 
I] 4 16 29 5.5 
5 2 35 
6 242 4 6.0 
7 254 45 6.3 
Av. 6.0 


the screens is much greater with roentgen 
rays than with gamma rays, being, for 185 
kv. roentgen rays, 40; for 700 kv. roentgen 
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rays, $3; for gamma rays, 6.0. That is, in 
order to produce the same effect on the 
film with screens, it would require 1/40 as 
much of the 185 kv. radiation, 1/53 as 
much of the 7oo kv. radiation, and 1/6 
as much of the gamma radiation. Thus 


amounts of radiation of equal photographic 
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Fic. 8. Absorption curves for different iodide solu- 
tions. 


effectiveness with the screens could be 
represented by the equation 


I I 
— (185 kv. x-rays) = 


(700 kv. X-rays) 
40 §3 
I 
(gamma rays) 
or 
O , 
(185 kv. x-rays) =* (7oo kv. x-rays) 


53 
40 
(gamma rays). 
) 


If comparison of the three types of radia- 
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tion is to be made on this basis, the final 
values of ‘Table 111 will have to be changed 
in accordance with these ratios. The value 
for the 185 kv. radiation is known, and 
must be kept constant as 1.62 r/min. at 50 
cm. The 700 kv. radiation is more effective 
in the ratio =~ 

40 
higher in this ratio, while that of the gamma 


or its output is apparently 


rays is lower in the ratio —. Therefore, the 
oO 


output of the 7oo kv. machine meas- 
ured in this manner, at 50 cm. becomes 


53 
1.0 X= =1.32 r/min. Similarly, for the ra- 
40 
dium pack at 6 cm. the output is found 
6 
to be 1.18 X — =o0.18 r/min. 
40 


ABSORPTION CURVES FOR 200 KV. 
ROENTGEN RAYS 


The effect of comparatively small changes 
in quality of roentgen radiation has been 
studied by measuring, with each of the 
three chemical reactions dealt with in this 
paper, the changes brought about by in- 
creasing thicknesses of copper filter. Figure 
8 shows the effect of such differences in 
filter thickness on iodide solutions irra- 
diated with 200 kv. roentgen rays. The 
dotted curves represent 1onization read- 
ings made with a small spherical celluloid 
ionization chamber (chamber a of Part 1). 
All values are calculated in terms of the 
effect produced by radiation filtered by 1 
mm. of celluloid and no copper as 100 per 
cent, the tube used being of the thick- 
walled type so that the glass itself has con- 
siderable filtering effect. The curve for 
solutions containing 10 per cent KI in 0.05 
N HNO; is practically coincident with the 
ionization curve. The curves for solutions 
containing 0.05 N H.SO, all differ from the 
ionization curve. The curve for 25 per cent 
KI in 0.05 N H.SO, ditfers from that for 
10 per cent KI in 0.05 N H,SO,, but coin- 
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TABLE V 


OUTPUTS OF RADIATION SOURCES IN EQUIVALENT ROENTGENS PER MINUTE AS 
DETERMINED BY VARIOUS CHEMICALS 


| Photo- Photo- 
10% KI 10% KI _ »% Lil 25% KI Eder’s graphic graphic 
Source N | 5N 0.05 N 1 Films Films 
H.SO, | HNO, H.SO, | H.SO, Without With 
| Screens | Screens 
165-200 kv. Measured with “‘air-wall” ionization chamber 
700kv. 6.68 8 .0g 7.06 4.1 
socm. | | 
Radium | 2.52 | 3.33 2.19 0.18 
pack | 


6cm. 


cides with that for 10 per cent Lil in 0.05 
N H.SO,. 

Figure g shows the similar curve for 
Eder’s solution, compared with the curves 
for ionization and for 10 per cent KI in 
s N H.SO,. The curves for ionization 
and Eder’s solution are very close together, 
and both differ materially from that for KI. 

Figure 10 shows absorption curves for 10 
per cent KI in s N H.SQO,, for Eder’s 
solution and for photographic films with- 


out intensifying screens, the values being 
calculated in terms of the effect produced 
with 2.5 mm. copper filters as 100 per cent. 
The curves for KI and for Eder’s solution 
lie close together, and the curve for KI 
practically coincides with that for ioniza- 
tion. The curve for photographic effect 
differs greatly from all the others. It should 
be noted that the comparison between the 
effects produced in the solutions and in the 
photographic film is made for 200 kv. 
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Fic. 9. Absorption curves for Eder’s solution and for 10 per cent KI in 
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roentgen rays initially filtered by 2.5 mm. This offers a means of correlating the three 
of copper. Additional copper filtration does qualities’ of radiation mentioned above, as 
not change the quality of this radiation to their relative effectiveness in producing 
very materially and yet the relative effects certain chemical effects. : 
differ greatly. If the comparison had been In order to make possible a direct com- 
made beginning with unfiltered roentgen parison of the results obtained by chemical 
rays, the difference would have been enor- 


means with those obtained by physical and 
mous. 


biological tests, the results have been ad- 
justed to represent the radiation emission 

Potassium and lithium iodide in acid of the three sources of radiation under cer- 
solution, and Eder’s solution, are affected tain conditions which have been taken as 


SUMMARY 
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Fic. 10. Absorption curves for 10 per cent KI in 0.05 N H.SO,, photographic film and Eder’s solution. 


to measurable degrees by ordinary roent- standard. Since the intensity of ordinary 
gen rays, 700 kv. roentgen rays,andgamma__ roentgen rays (produced at 165 to 200 kv. 
rays. 


in our case) can be expressed in roentgens 
The effect of the radiation results in the per minute, the intensities for the other 
liberation of iodine from the iodides, and two sources of radiation may be expressed 
in the precipitation of mercurous chloride in terms of ‘equivalent’? roentgens per 
in the E:der’s solution. minute, the equivalence being based in 
The amount of iodine liberated can be each case on the production of the same 
determined quantitatively by its effect in chemical change. The results expressed in 
changing the color of a starch solution. this manner are given in Table v. In this 
The amount of the precipitate in Eder’s table are also included analogous results 
solution can be determined by a simple obtained by measuring the darkening of 
titration method. photographic films exposed to the same 
Both reactions give reproducible results, qualities of radiation, with and without the 
and, by suitable calibration, can therefore use of intensifying screens. 
be used to measure quantities of radiation. Krom this table it 1s evident that the 
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apparent radiation emission of the 700 kv. 
roentgen tube or the radium pack (basedon 
a constant emission for the low voltage 
source) varies with the chemicals and re- 
actions which are used to determine it. 
This means, of course, that the relative 


effectiveness of the three qualities of radia- 
tion depends on these factors.* 5 
* For discussion see page 362. 


will 
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THE RELATIVE EFFECTS PRODUCED BY 200 KV. 
ROENTGEN RAYS, 700 KV. ROENTGEN RAYS, 
AND GAMMA RAYS 
111. COMPARISON BASED ON EFFECTS ON DROSOPHILA EGGS 
AND ON WHEAT SEEDLINGS* 


By P. S. HENSHAW, C. T. HENSHAW, aad D. S. FRANCIS 
Biophysical Laboratory, Memorial Hospital 
NEW YORK CITY 


INTRODUCTION 

N consideration of the problem of the 

comparative biological effectiveness of 
different qualities of radiation, we wish 
to present here results obtained when 
wheat seedlings, Triticum vulgare, and eggs 
of the fruit fly, Drosophila melanogaster, 
were used as test objects. When sufficiently 
large doses of roentgen rays or gamma rays 
are administered, Drosophila eggs are killed 
and wheat seedlings are retarded in growth. 
In each case the degree of effect (i.e. the 
percentage mortality in Drosophila eggs 
and the percentage reduction of linear 
growth in seedling tissues) is a function of 
the amount of radiation given. Here, then, 
are two widely different kinds of responses 
to radiation appearing in widely different 


test objects. Since percentage mortality of 


eggs can be determined by actual count 
and percentage reduction in growth by 
direct measurement, both of these re- 
sponses can be studied quantitatively. As 
has been shown previously by Cattell! and 
by Failla and Henshaw,” newly germinated 
wheat seedlings present four growing em- 
bryonic tissues all of which are retarded by 
radiation. Thus it 1s possible to measure 
one of the responses in four different tissues 
of the same organism. Having more than 
one measurable biological response to the 
radiation, it is possible to express the effect 
obtained in one in terms of another and 
compare the different affecting agents di- 
rectly in biological terms. The question 
considered in this investigation was this: 
Are the same relative effects produced in 
different test objects by different qualities 


* Read at the Thirty-third Annual Meeting, American Roentgen Ray Society, Detroit, Mich., Sept. 27 


of radiation when the intensity, time of ex- 
posure, and other conditions of irradiation, 
are kept the same? 


EXPERIMENTAL INVESTIGATION 


1. Radiation Used. \n the pursuance of this 
problem we have compared three distinctly 
different qualities of radiation: (1) 165 ky. 
roentgen rays, used generally in Cancer therapy; 
(2) 7oo kv. roentgen rays, a shorter wave- 
length radiation, obtained from the new high 
voltage roentgen tube developed recently by 
Coolidge, Dempster, and Tanis,’ and installed 


TABLe | 
Gamma 
Rays 
165 kv. 700 kv 
42m. 
pack 
Ma. 19.2§ 3.5 
Distance 
incm. 5 48.4 f 
K.quiv. to k.quiv. to 
5mm. Cu 2mm. Pb 
a 4 
Filter 1.65mm. Cu) 1mm. Al 6 mm. 
0.6 mm.Al | 2mm. cellu bakelite 
2 mm. cel loid 
luloid 


Intensity | r/min. 


at the Memorial Hospital by the General Elec- 
tric Company, and (3) gamma rays (estimated 
to be the equivalent of roentgen rays produced 
at 1,500 kv.), a still shorter wave-length radia- 
tion, obtained from a 4-gram radium element 
pack. Since the quality of radiation is depend- 
ent upon wave-length and since the wave- 
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length of roentgen rays is related to the poten- 
tial applied across the tube, the range of quality 
of the radiation used can be compared more 
conveniently on this basis (kv.). 

The settings and conditions of exposure used 
are shown in Table 1. The arrangements of test 
material for exposure to the ditferent types of 
radiation are shown in the diagrams (Figs. 1, 2 
and 3). 
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Fic. 1. Diagram showing the position of the test 
material with respect to filters, source of radiation, 


etc., when 165 kv. roentgen rays were used. 


Kic. 2. Diagram showing the position of test material 
with respect to filters, source of radiation, etc 


when 700 kv. roentgen ravs were used. 


2. Experiments with Wheat Seedlings. The ex 
perimental procedure was as follows: Wheat 
seeds (variety kota, obtained from the South 
Dakota Agricultural Experiment Station) were 
soaked in tap water for three hours at room 
temperature. After discarding imperfect seeds, 
they were carefully placed, groove side down, 
in closed chambers on wet filter paper. These 
were put away in a germinating chamber main 
tained at 1g ° C. Approximately one thousand 
seeds were planted forasingleexperiment. About 
eighteen hours after the seeds had been put to 
soak the growing tissues were beginning to 
burst through the seed coats, and it was at this 
stage that they were exposed to radiation. 
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In performing the tests only two types of 
radiation were used at once. That is, on one day 
tests were carried out with 165 kv. roentgen 
rays and 700 kv. roentgen rays, on another with 
700 kv. roentgen rays and gamma rays, and on 
still another with 165 kv. roentgen rays and 
gamma rays, etc. It was necessary, therefore, 
to arrange two sets of material each time a test 
was made. These were prepared for irradiation 
by selecting the most uniform seedlings from 
the moist chambers and placing them very 
close together on wet filter paper in shallow 
trays, which were made by fastening thin 


| \ 
Brass 
| saa. Bakelite 
yey 
21S mm Celluled Mois f fer paper 
| 
| 
| 
| 
Cardboard B 


Kic. 3. Diagram showing the position of test material 
with respect to filters, source of radiation, etc., 
when gamma rays were used. 


celluloid to wooden embroidery hoops. Similar 
trays, smaller in diameter, were used as covers, 
thus providing moist chambers for the material 
while it was being irradiated. 

To insure uniformity of results it was neces- 
sary to use the same kind of material for all ex- 
periments. This was done (1) by rigidly se- 
lecting the material; (2) by germinating the 
seeds for the same length of time under the 
same conditions, and (3) by performing tests 
on the same planting of seeds simultaneously. 

For the purpose of eliminating the possibility 
of time-factor effects, intensities of the different 
types of radiation were adjusted to give approx- 
imately the same degree of effect for the same 
duration of exposure. Preliminary tests were 
made with gamma rays, the least_intense type 
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of radiation used, to determine the length of 
exposure necessary to produce measurable ef- 
fects. The intensities of the other types of radi- 
ation were then adjusted to give as nearly as 
possible the same effects in the same length of 
time. Having selected certain intensities for 
use, these were kept constant for all experi- 
ments. 

The two trays of seedlings, selected from the 
same planting of seeds, were taken to the 
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sources of radiation and exposures begun simul- 
taneously. Samples were removed after receiv- 
ing ©, 30, 60, go, 120 and 180 minutes’ expo- 
sure. Each sample, consisting of 60 seedlings, 
was divided into two equal parts and put into 
moist chambers (15 cm. petri dishes containing 
wet filter paper). Thus at the end of irradiation 
there were 24 dishes, each of which contained 
30 seedlings. These were placed in a dark 
thermo-regulated chamber which was main- 


II 


Shoot 
Min. Exposure O 30 6o 9 12 18 
Exp. No. 165 kv. roentgen rays g.§ r/min. 
4 00 89.5 69.8 56.6 45.2 30.5 
ine) 
9 100 go .d 74-9 44.7 
11 100 | 100.0 77.6 61 47-9 35.2 
12 10 g2.2 70.7 64.5 $6.3 
13 100 | 93 73-3 7 
| 
17 Ot. 5 05.3 Sg .4 45.9 
20 1 g2 73.6 cs 49 ah 
23 10 gd .1 76.4 63.3 §2 | 
23 10 | Sg.1 $4.6 42 
24 100 .§ 61.38 | 42 
Average 92.4 75.8 61.g 52.1 41 
700 kv. roentgen rays 
20 100 6.1 $7.9 42.1 
23 100 37.3 66 43.3 if 
23 100 84.4 69. §9.7 .2 AI .9 
24 100 47.5 40.6 
Average 100 84.8 69.2 $4.3 48.1 37.9 
Gamma rays 
2 100 69 38. 34.3 
3 100 gs .4 80.3 Hd .2 44.4 
4 100 g2.0 738.6 62.7 50.3 § 
5 100 go .8 47.9 
6 100 gO.4 60.1 49 .3 42.2 
8 100 g2.8 $3.7 70.1 62.9 45.1 
13 100 93.9 53.2 64 4 
14 100 .C 3.6 47.0 37-0 
1§ 100 gl .4 | $9.6 <2 
18 100 g6.1 75.1 §0 .3 
Average 100 g2.1 76.7 61.2 $0.5 19.9 
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tained at 19° C. One hundred and twenty hours 
after the beginning of germination the young 
plants were removed and measurements were 
made of the linear growth of the four embry 

onic tissues. Occasionally in handling the ma 

terial a growing tip is injured in such a way 
that little or no growth occurs in the part 
affected. Therefore only 20 of the most uniform 
seedlings in each dish were measured. 

The four embryonic parts of the wheat seed 
ling, the sheath, shoot, primary and secondar) 
roots (ig. 4), have been described previously.’ 
Results were obtained for all of these but shown 
in detail for the shoot only (Table 11), the na 
ture and extent of variability of which are gen 
erally characteristic for all. The average values 
obtained for the shoot were plotted in igure he 
Such curves make it possible to compare direct 
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Secondary Roots 


Primary Root 


ic. 4. Diagram of wheat seedling showing embry- 
onic parts. 


} 
a 


kic. s. Curves showing the effects of 165 kv. roentgen rays, 700 kv 
gamma rays, on the shoot of the wheat seedling 


ly the effects obtained with the different kinds 
of radiation either in terms of etfect produced 
by certain exposures or in terms of exposure 
required to produce a certain degree of effect in 
each case. The latter method was used. 
Readings of dosages were taken along the 
curves and arranged in tables (see inset table 
for shoot, Kig. 5). In columns a, B, and « 
dosages are shown in minutes’ exposure re 
quired to cause various corresponding amounts 


140 160 


100 120 


. roentgen rays, and 


of reduction in growth for 165 
rays, 7 


kv. roentgen 
o kv. roentgen rays and gamma rays, 
respectively. It is seen that the values in 
column 4 and ¢ are very similar while those in 
column B are generally lower. Further com- 
parison was made on a relative basis, dividing 
the values in column a by the corresponding 
values in B and c. The relative values or ratios 
are shown in columns 4/B and a/c. Approxi- 
mately the same difference occurs throughout 


4 
| 
Sheath 
———Shoot 
Seed 
} 
20 40 80 


33° 


the extent of the curves. Since the ratios in 
either column 4/B or A/c vary but little the 
small variations are probably due to experi- 
mental errors. Thus the general differences be- 
tween the curves are best indicated by aver- 
ages of the values in the columns 4/B and A/c. 
These are shown at the bottom of the table. 
They indicate that the intensity of 165 kv. 
roentgen rays and gamma rays had been ad- 
justed to produce, in the same time of exposure, 
practically identical effects in the shoot, but 
that the intensity of 700 kv. roentgen rays was 
somewhat high. The difference, however, in- 
troduces no complication in the present in- 
vestigation. 

Average values for the sheath, primary root, 
and secondary root, have been obtained in pre- 
cisely the same way and have been brought 
together with those for the shoot in Table 11 
for comparison. Since the experimental condi- 
tions varied only with respect to quality of 
radiation used, any differences in relative values 
obtained for a given tissue, if well established, 
must be attributed to this factor. The results 
obtained for the sheath show that equal ettects 
were produced by 165 kv. roentgen rays and 
gamma rays for equal exposures. Had the in- 
tensity of 700 kv. roentgen rays been adjusted 
to produce equal effects on the sheath in the 
same time of exposure as in the case of the 
other two qualities of radiation, the ratios 
would have been those given in parentheses in 
the table. This adjustment enables us to relate 
the effects produced in the different times by 
the three qualities of radiation to those pro- 
duced in the sheath taken as a standard. 

The ratios of exposure for 165 kv. roentgen 
rays and gamma rays are similar for all of the 
tissues, the maximum difference being 7 per 
cent. If the differences are actually due to 
quality of radiation, a similar differential etfect 
of lesser degree should be obtained for 700 kv. 
roentgen rays, since their quality, as indicated 
above, is between that of the other radiations. 
As seen in Table m1, the values for 7oo kv. 
roentgen rays vary in a direction directly op- 
posite to those for gamma rays. Therefore, 
since the differences observed are small and 
since they are not consistent for different 
radiations, it seems best to attribute them (at 
least for the present) to experimental variation 
rather than to quality of radiation. For further 
comparison, then, averages for all of the tissues 
will be used (see Table 111). 
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Ratios of Exposure Times 


165 kv. 165 kv. 165 ky. 
roentgen roentgen roentgen 
Tissue | rays rays rays 
165 kv. 700 kv. 
ra 
| roentgen roentgen — 
ray 
rays rays 
Sheath 1.00 1.43 (1.00) 
Shoot 1.00 1.28 1.03 
Primary 
root 1.00 (.8 1.07 
Secondary 
root I .0O (.80) 1.06 
Av. 1.00 1.29 I .04 


3. Experiments with Drosophila Eggs. Having 
found certain effects caused in the wheat seed- 
lings by different kinds of radiation maintained 
at certain intensities, the next step was to de- 
termine whether the same relative effects would 
be caused in Drosophila eggs when exposed 
under the same conditions. For this purpose 
flies were cultured as described previously* and 
eggs were collected for the experiments during 
two hour periods from actively laying flies. 
Each collection of eggs used was divided into 
two parts in order that two kinds of radiation 
could be used on the same material. For con- 
venience in handling, these two parts were sub- 
divided into eight others and spread evenly on 
small, moist, filter paper strips. These egg sam- 
ples were arranged in trays and irradiated in the 
same way as the seedlings, using the same in- 
tensities, except where otherwise indicated. 
Samples were removed after receiving ©, 10, 20, 
25, 30, 35, 40 and 50 minutes’ exposure and put 
away in moist chambers at room temperature 
(22-25°C.). Normally, the eggs hatch in twenty 
to thirty hours. Counts were therefore made on 
the third day after irradiation to determine the 
number of eggs surviving to the hatching stage. 

Results were obtained for the three types of 
radiation but are given in detail for gamma 
rays only. These are shown in Table tv with 
percentage of controls hatching in each experi- 
ment taken as 100 per cent (the fertility of the 
controls ranging from g2 to g8 per cent). The 
data in this table are sufficient to indicate the 
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TABLE IV 


Dros ophila 


Min. Exposure I 2 
Exp. No. 
24 94.0 66.4 
25 2 
26 96.7 68 .4 
28 1 102.8 82 
24 7°4 
31 99 - 5 6g 
26 gb 66 4 
Na) Q7.0 6¢ 
37 gO .g 69 .4 
Average 97-7 69.8 


extent of variation in the results as obtained. 
Average \ alues are shown at the bottom of the 
table. These have been plotted in Kigure 8. 
Similar averages for 165 kv. roentgen rays and 
700 kv. roentgen rays are plotted in Figures 6 
and 7 respectively. Before determining the re 
lationship of these curves, however, it was 
necessary to make two minor corrections in 
order to compare the Dro ophila egg results di 
rectly with those for the seedlings. First, be 
cause of adjustments made on the 7oo kv. 
roentgen tube the intensity of radiation used for 
the eggs was § per cent less than that used for 
the seedlings, as shown by ionization measure 
ments. It was necessary, therefore, to shift the 
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Percentage Eggs Hatching 


Gamma Rays 


42.5 | 36.0 29.2 
O17 44.2 35.3 28.5 25.3 
70.1 | $4.6 
64.2 66.6 ‘2.0 32.4 
62.1 ai .2 39-5 
65.2 42.8 46.5 | 28.0 
49.8 39-5 33.6 22.8 
56.8 42.8 37.2 31.1 22.8 
49.3 38.6 31.6 
43.4 40.9 36.0 | 26.6 


curve in Figure 7 to the left to compensate for 
this. The broken line curve shows the proper 
correction. Second, when exposing the seedlings 
to gamma rays it was necessary to cover the 
moist filter paper completely with seeds (see 
ig. 3) in order to have enough for a complete 
experiment. As shown previously,? the in- 
tensity at the center of this field is greater than 
at the periphery. When samples of seedlings 
were removed, they were selected uniformly 
from the field in order that all samples would 
be affected alike. When working with Dro- 
sophila eggs the samples were placed in a circle 
in such a way that all were an equal distance 
from the center and half way between the cen- 
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Fic. 6. Curve showing the effects of 165 kv. roentgen 
rays on Drosophila eggs. 


Fic. 7. Curve showing the effects of 700 


kv. roentgen 
rays on Drosophila eggs. 
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Kic. 8. Curve showing the effects of gamma rays on 
Drosophila eggs. 


ter and periphery. This provided equal intensi- 
ties for all samples of eggs, but it was found by 
calculations based on data given before? that 
the eggs in this position received a little higher 
intensity than the average intensity received by 
the seedlings. To make the two sets of results 
directly comparable the curve in Figure 8 was 
shifted to the right, as indicated by the broken 
line. 

Readings of dosages required to produce vari- 
ous degrees of effect were then taken from the 
curve for 165 kv. roentgen rays and from the 
corrected curves for 700 kv. roentgen rays and 
gamma rays in the same way as described for 
the shoot of the wheat seedling. The exposure 
times and ratios as well as the final averages are 
shown in Table v. Here again the curves are 
found to be similar in shape since the ratios are 
substantially constant throughout the range of 
exposures. The values for 700 kv. roentgen rays 
(B) and gamma rays (c) are generally lower 
than those for 165 kv. roentgen rays (4), thus 
indicating that smaller amounts of these radia- 
tions were required to produce equal effects. 
The averages show that 30 and 37 per cent 
shorter exposures to the 700 kv. roentgen rays 
and gamma rays, respectively, were necessary. 
To determine whether the same relative effects 
were produced in the eggs and seedlings, the 
average values in Tables 111 and v may be com- 
pared. These are arranged together in Table v1. 
lor convenience in comparison, the values in 
parentheses have been adjusted to appear as 
they would had the intensities of the three dif- 
ferent qualities of radiation given identical 
effects in the wheat seedlings for the same time 
of exposure. 
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Taste V 
Drosophila Eggs 

A \ 

Per cent A | B C 

B 
go 18 .g 14.2 13.8 
85 15.5 1s 1.36 
75 19.3 18.5 1.36 
55 36.1 28.2 20.2 1.38 
39.2 30.9 $6.3 1.38 
4§ 42.6 34.0 30.8 1. 38 
40 46.2 37 .© 1.26 1.38 
35 42.0 1.18 30.4 
3c 47.6 39.5 1.39 

Average 1.3 : 


DISCUSSION 


According to the results presented, 165 
kv. roentgen rays and 700 kv. roentgen 
rays are about equally ettective in produc- 
ing mortality in Drosophila eggs when in- 
tensities are measured by the ettect pro- 
duced in wheat seedlings. On the same 
basis gamma rays are 32 per cent more 
effective than either of these types, thus 
indicating a larger differential effect. Hav- 
ing found that gamma rays under these 
conditions are more effective than 165 ky. 
roentgen rays, the question arises as to 
why 700 kv. roentgen rays produce ettects 
so much like those for 165 kv. roentgen rays 
when their quality 1s distinctly different. 

By a careful examination of the data, 
reasons are found for believing that the 
ratio in Table vi for Drosophila eggs, irra- 
diated with 7oo kv. roentgen rays, should 
be higher than 1.30. The last two values in 
the a/B column of Table v are considerably 
below the average. Turning to Figure 7 it 
will be seen that these are dependent upon 
a single experimental point at the lower end 
of the curve. Since the greatest variation 
usually occurs in this region, the results are 
probably abnormally low. Also attention 
may be called to the fact that the ratio for 
seedlings irradiated with 7oo kv. roentgen 
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rays (Table vi) is based on results of only 
four experiments, while all others, includ- 
ing those for the eggs, are based on from 
ten to fifteen. The small number of experi- 
ments may therefore account for the varia- 
tion in the ratios obtained for the different 
tissues exposed to 70oo kv. roentgen rays 
(see Table 111). Here it is seen that the 
values for the sheath, a tissue which 1s 
little atfected by the radiation, are very 
high when compared with those for the 
other tissues. This makes the average value 
for 700 kv. roentgen rays appear higher 
than it otherwise would. If either of these 
conditions should be abnormal as_ sug- 
gested, the ratio in Table vi for Drosophila 
Taste VI 


Ratios of kxposure Time 


165 kv. 165 kv. 165 kv. 
roentgen roentgen roenty 
Material 
ravs ravs LVS 
165 kv kv. gamma 
roentzen roentyven 
rays ravs 
Seedlings (1 
2 
eggs irradiated with 7oo kv. roentgen ravs 


would be increased by any correction ap 
plied. This would make it intermediate to 
the values for the other two kinds of radia- 
tion. In this form, then, the results would 
indicate a graded ditferential ettect from 
165 kv. roentgen rays to gamma rays. 

But how significant is the differential 
etfect which has been attributed to quality 
of radiation? The greatest ditference in 
effect obtained in a very favorable test 
widely different types of biological re 
sponses as criteria of effects, widely differ 
ent test objects, and widely different quali 
ties of radiation) was 32 Per Cent. ‘rom 
this, then, it appears that the quality fac 
tor is not very important. Since the dif 
ference is little bevond that which must be 
accepted as experimental variation, these 
results, taken alone, do not prove that 
ditferential biological etfects are caused by 
ditferent qualities of radiation. 


I ffects by 2co kv., 700 kv. Roentgen Rays and Gamma Rays 


SUMMARY 

1. The biological effectiveness of 165 kv. 
roentgen rays, 700 kv. roentgen rays, and 
gamma rays, has been compared in wheat 
seedlings and Drosophila eggs. 

2. A differential effect was obtained, but 
considering the fact that widely different 
responses, test objects, and qualities of ra- 
diation, were used it is too small to be 
significant.* 


Nore: For purposes of comparing these re- 
sults directly with others presented in this 
symposium, they may be expressed in terms 
of “equivalent” intensities, in roentgens per 
minute of the three types of radiation, based 
on the effects produced on the wheat seedlings 
and Drosophila eggs. The intensity of the 165 
kv. roentgen rays as used was g.§ roentgens per 
minute when measured in accordance with the 
requirements of the definition of the inter- 
national unit of roentgen radiation. Since the 
results obtained with the seedlings indicate 
that the intensities of 700 kv. roentgen rays and 
gamma rays were 1.29 and 1.04 times as eftec- 
tive, respectively, and since Drosophila eggs in- 
dicate 1n the same way that these radiations 
were 1.30 and 1.37 times as effective (see Table 
vi), the radiation intensities may be calculated 
easily. They are given below for a distance of 
so cm. in case of the 709 kv. roentgen rays and 
6 cm. in case of the radium pack. 


165 7 Gamma 
kv. kv. Rays 
Wheat seedlings 9.5 [2.2 9.9 
Drosophila eggs: 9.§ 12.3 13.0 


The authors wish to express their indebtedness to 
Dr. G. Failla who has been instrumental in prompt- 
ing an extensive investigation of the general aspects 
of this problem and whose interest and advice have 
been of value in the present work. 
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symposium, of which this paper is 
a part, deals with the relative effects 
produced by 200 kv., and 700 kv. roentgen 
rays, and gamma rays of radium. The re- 
sults have been accumulated by various 
experimental and clinical studies. The pur- 
pose of this paper is to summarize the ex- 
perimental results obtained by irradiating 
essentially similar mammalian tissues with 
200 kv. roentgen rays and gamma rays and 
to discuss the relative effectiveness of the 
agents employed. 


EXPERIMENTAL METHODS 


A segment of a growing mouse tail and the 
ear of an adult rabbit were used as test ma- 
terials. 


Kic. 1. Radon applicator for the treatment of 4 
animals simultaneously. (The assembled unit is 
shown to the left in Fig. 2.) To the left is the base 
with a vertical brass rod at the top of which is a 
depression for the radon bulb. The center shows 
the celluloid frame with the tapering grooves for 
the tails. At the right is a central metal case which 
fits inside the celluloid frame and then is placed 
over the brass rod. The four radiating rods sup- 
port the frameson which the bodies of the mice are 
held. For further details, see text. 


* Read at the Thirty-third Annual Meeting, American Roentgen Ray Society, Detroit, Mich., 
tion has been aided by a grant from the Committee on the Effects of Radiation upon Living Organisms of the Nation 


Council. 


The methods employed for the use of the 
mouse tail for radon radiation have been de 
scribed in previous publications to which refer- 
ence may be made for further details.!? In 
brief, the procedure is as follows. A special 
applicator made it possible to treat 4 animals 
at a time. The details of construction are given 
in Figures 1 and 2. The mice were seven to nine 
days of age when treated. 
ranged at a distance of | 
source of radiation. The radon was contained 
in a small glass bulb placed in a hollow in the 


The tails were ar- 
mm. about a central 


Fic. 2. At the right'is the applicator for treating small 
areas of the rabbit’s ear. At the top of the lead 


cylinder is a concavity for the radon bulb. The 


base is of celluloid. For further details, see text. 
At the left is the assembled unit of Figure 1. 
Sept. 27-30, 1932. This investiga- 
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central core of the applicator (see Fig. 1). Addi- 
tional filter was added as part of the section to 
which the tails were fixed. The total filter was 
2mm. of brass and 3 mm. of bakelite. Two sec- 
tions of a lead cylinder were arranged to shield 
the proximal and distal portions of the tail. The 
cylinders were separated so that 10 mm. of the 
central portions of the tail was treated. The tails 
were inserted into erooves filed into the cel- 
Juloid casing surrounding the lead cylinders. A 
thin sheet of celluloid covered the inner sur 
face of the groove. The dorsal surface of the 
tail faced the radon. 

The glass radon bulb was also used for the 
treatment of the rabbit ear. The radon was 
placed in a hole drilled in the top of a cylinder 
of lead, 16 mm. in diameter, and 17 mm. in 
height (lig. 2, right). At the bottom of the 
lead cylinder a hole 8 mm. in diameter and 
14 mm. in depth was drilled. At the top of the 
cavity a cup shaped piece of brass held the 
radon, which was inserted from above. The 
filter was 2 mm. of brass and the distance from 
the center of the source of radiation to the 
rabbit’s ear was 12 mm. A plate of celluloid 
2mm. thick was fastened into the cavity 
through which the radiation passed in order to 
remove as much secondary radiation as possi 
ble. The whole applicator was mounted on a 
thick piece of celluloid which distributed the 
weight over the rabbit’s ear. The applicator 
was strapped to the ear yy adhesive strips. The 
rabbit was held in a box with its head pro 


truding from one end, and its ear drawn for 
ward over a shelf of celluloid to which the 
ventral surface was fastened. The applicator 
was placed on the dorsal surface. 

A preliminary study was made of the tissue 
reaction occurring 1n the rabbit’s ear following 
exposure of a relatively large area to the so 
called radium element pack which contains 4 
grams of radium. The construction of this ap 
paratus has been described by Failla.6 The rab 
bit was held as for the radon treatments and, in 
addition, a sheet of celluloid 2 mm. thick was 
placed over the dorsal surface of the ear. \W ith 
the ear held tightly between celluloid plates, 
the radium pack was lowered to barely touch 
ing the upper piece of celluloid. This brought 
the center of the source of radiation to 6.2 cm. 
from the dorsal surface of the ears. \pproxi 
mately g cm. of the distal portion of the ear 
was irradiated, or approximately 44 sq. cm. 
The lead to the sides of the applicator and lead 
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over the box adequately shielded the rest of the 
rabbit. 

A study was made of the tissue reaction fol- 
lowing roentgen irradiation of a relatively small 
area of the rabbit’s ear. The rabbit was held in 
the same apparatus used for the radium ele- 
ment pack treatments. A lead shield 3 mm. 
thick was then placed over the upper sheet of 
celluloid. In this lead, holes 8 mm. in diameter 
provided for the radiation exposure. 


A preliminary study was made of the treat- 
ment of relatively large areas (approximately 
28. sq. cm.) of the rabbit’s ear by roentgen 
rays. The rabbit was held as above but only the 
distal and proximal regions of the ear were pro- 
tected by lead. This left a band of tissue ap- 
proximately 4.8 cm. wide which was exposed to 
the rays. 

The roentgen applicator for the treatment of 
the mouse tail is shown in Figure 3. A piece of 
celluloid 2 mm. thick and 24 cm. square is 
fastened to a wooden frame and raised 11 cm. 
above the surface on which the frame rests. 
Rectangular sections were cut in the celluloid 
sheet. Krom these sections were filed grooves 
into which the tails were placed. The mice were 
fastened to lead blocks which were placed over 
the window-like openings in the celluloid. After 
the animals were so placed, a circular lead 
shield with six openings (see Fig. 3) was placed 
over the tails. This made it possible to treat the 
central segment of 6 tails simultaneously. The 
lead shield was approximately 2.5 mm. thick 


ic. 3. Roentgen-ray apparatus for the treatment of 
6 animals simultaneously. The mice are fastened 
to the lead plates (two are shown) with their tails 
in grooves cut in the large celluloid sheet which 
is held by the wooden frame. The tail segments 
are irradiated through the holes cut in the central 
round lead disk. After all are in place, the lead 
disk shown at the right is placed so that it covers 
the space between the lead shields and the central 
circular plate. For further details, see text. 
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and the holes through which the treatments 
were given were 10 mm. in diameter. A thin 
sheet of celluloid was fastened over the entire 
lower surface of the shield to absorb the second- 
ary radiation. The dorsal surface of the tail 
faced the roentgen rays. A ring of lead 5; mm. 
thick and approximately 22 mm. wide was 
placed over the lead shield and the blocks hold- 
ing the bodies of the mice (see Fig. 3). This 
shielded the base of the tails where the shield 
and the blocks came together. 


EXPERIMENTAL RESULTS 


1. The radon bulb on the tails of young 
mice. (Filter, 2 mm. of brass, 3 mm. of 
bakelite; distance, 10 mm.; intensity of 
radon at the middle of the treatment 
period in different experiments varied from 
245 to §so mce., the average being 446 mc.) 

Sixty-five animals were treated with 
doses varying from S50 to 750 me-hr. 

Table 1 gives a summary of results and 
shows the number of the animal, the milli- 
curie-hours, the maximum tissue reaction 
(and the day post-treatment on which it 
occurred), and the final tissue reaction 
when the experiment was terminated on 
the thirty-fifth day. 

With doses from 50 to 100 mce-hr. the 
final tissue reaction varied from a slight 
epilation followed by a return of hair in the 
lower doses, to a partial epilation of the 
dorsal surface of the tail and a slight ven- 
tral epilation at 100 mc-hr. 

Doses from 150 to 350 me-hr. show a 
gradual increase in the severity of the tis- 
sue reaction, and at 350 mc-hr. there is 
approximately complete annular epilation. 
This threshold dosage for complete annular 
epilation of the tail is the point we have 
taken for comparing reactions following 
different methods of treatment. 

Nine animals were treated with a dose of 
400 me-hr. and all showed a maximum 
tissue reaction of complete annular epila- 
tion appearing from the fourteenth to the 
twentieth day post-treatment. For final 
reaction on the thirty-fifth day 2 animals 
showed a very slight return of hair on the 
ventral surface, 8 in which the epilation 
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remained complete, and one in which the 
tail showed pathological amputation. 

Doses above 400 me-hr. show an increase 
in the severity of the tissue reactions, 
which range from complete annular epila- 
tion to sharp constriction of the tail, which 
is a step on the way to the next severe re- 
action, namely, pathological amputation of 
the tail. 

2. Roentgen treatment of the tails of young 
mice. (200 kv.; filter, 0.5 mm. copper, 0.8 
mm. aluminum and 2.5 mm. celluloid; dis- 
tance, SO cm.; 62 r per min.) 

Kighty animals were treated in doses 
ranging from 400 to sooo r. The results are 
given in Table 1. The threshold dosage 
for complete annular epilation is approxi- 
mately 2350 r, but in order to economize on 
table space the results are given in detail 
to 2600 ronly. 

Two doses of 400 r showed apparently 
complete return of hair after a slight an- 
nular epilation. Six treatments of S00 r 
each showed a moderate epilation followed 
by a partial return of hair. Doses from 1 
r to 2300 r inclusive show an increase in 
the maximum tissue reaction to practically 
complete annular epilation, but in seven 
of the ten higher doses there is a slight re- 
turn of hair on the ventral surface by the 
thirty-fifth day post-treatment. 

Krom 2350 r and higher the maximum 
reaction is complete annular epilation with 


or without constriction of the tail and 
pathological amputation. 
The final reaction for six 2350 r treat- 


ments is annular epilation except in 2 
instances where a very slight return of 
ventral hair was noted. In the case of 24 


treatments of 2500 r each the final tissue 
reaction 1s complete annular epilation in 
8 instances, 2 of which show constriction of 
the tail as well, and in 2 instances there tsa 
return of ventral hair, one very slight, and 
one moderate. Fourteen tails showed patho- 
logical amputation occurring from sixteen 
to twenty days post-treatment. 
In the 29 treatments ranging from 26 

r to $000 r the final tissue reaction is above 
the threshold for annular epilation with 
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SUMMARY OF RESULTS OF TREATMENT OF GROWING MOUSE TAIL WITH 200 KV 


| Dosage 
No. roent- Maximum Reaction and Time of Appearance 
gens in Days 
1161 400 25% annular epilation.............. 
1172 400 dorsal, ventral epilation... 
1165 500 75°¢ annular epilation............. 
1329 500 annular epilation. ..... 
1330 | §00 50°; annular epilation.......... 
1332 500 annular epilation......... 
1333 500 s0%¢ annular epilation 
1334 500 annular epilation. 
1164 1000 9s°¢ annular epilation. . 
1171 1000 9s©¢ annular epilation 
1163 1400 95°; annular epilation 
1169 1800 100°; annular epilation....... 
1162 1800 100°; dorsal, 95“; ventral epilation 
2000 100°; dorsal, 95“; ventral epilation 
1166 2000 100°; annular epilation 
1397 2000 100°; annular epilation 
1241 2200 100°; annular epilation 
1244 | 2200 9§°¢ annular epilation. . 
1243 2300 100°; annular epilation. . . 
1240 2300 100%; annular epilation 
1158 2300 100°, annular epilation 
1424 2350 100°; annular epilation. . . 
1425 2350 100°; annular epilation 
1426 2350 100°; annular epilation 
1430 2350 100% annular epilation 
1431 2350 100°; annular epilation 
1432 | 2350 100% annular epilation 
1202 2500 Constriction. . . 
1203 | 2500 Amputation............ 
1204 2500 100% annular epilation 
1205 2500 Amputation. . 
1206 2500 Amputation. . 
1213 2500 Amputation 
1214 2500 Amputation 
1215 2500 Amputation 
1216 2500 Amputation 
1217 2500 Amputation 
1218 2500 Amputation. 
1221 2500 Amputation 
1223 2500 Amputation. . 
1227 | 2500 Amputation. . 
1228 2500 Amputation 


one exception where for a treatment of 
‘as complete an- 
nular epilation, but the ventral hair re- 
turned by the thirty-fifth day post- 


2600 r the peak reaction 
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dorsal epilation 
dorsal, 10°; 
dorsal, 25°; 
dorsal, 20°, 
dorsal, 25°; 
dorsal, 25°; 
dorsal epilation 
dorsal epilation 


annular epilatian 
annular epilation 


annular epilation 


annular epilation 
annular epilation 


annular epilation 
annular epilation 


annular epilation 
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- ROENTGEN RAYS 


Final Reaction at 35th Day 
Post-Treatment 


ventral epilation 
ventral epilation 
ventral epilation 
ventral epilation 
ventral epilation 


“> ventral epilation 


» dorsal, 75°; ventral epilation 


dorsal, 9s"; ventral epilation 


dorsal, 95°; ventral epilation 


annular epilation 
annular epilation 


, annular epilation 


annular epilation 
annular epilation 


annular epilation 


26d. Recovery 
14d. Recovery 
26d. 50% 
24d. 25% 
50% 
24d. 50% 
16d. 50% 
24d. 50% 
_Igd. 
21d. 5%, 
19d. 
16d. go" 
.21d. 
24d. 95° ( 
95% 
. 24d. 
100%, 
12d. 95% 
100°7 
1$d. 100% 
17d. 100% 
16d. 100%, 
16d. 100% 
21d. 100°] 
17d. 100%; 
17d. 100 ( 
17d. 9s‘ 
16d. Constriction 
35d. Same 
16d. 100°, 
18d. Same 
16d. Same 
16d. Same 
16d. Same 
16d. Same 
rod. Same 
18d. Same 
Same 
19d. Same 
19d. Same 
17d. Same 
1od. Same 


treat- 


The threshold for annular epilation in this 
experiment is approximately 2350 r. 

3. The radon bulb on the ear of an adult 
rabbit. (Area treated, 8 mm. in diameter; 
filter, 2 


mm. brass +2 mm. celluloid; dis- 
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tance, 12 mm.; average intensity of the 
radon at the middle of the treatment, 398 
mc.) 

Kleven treatments were given, ranging 
from 200 to 2700 mc-hr. A summary of the 
results is shown in Table 111, which gives 
the maximum tissue reaction, the day on 
which it occurred, as well as the reaction 
ninety days post-treatment. 


TABLE III 
IRRADIATION OF RABBIT’S EAR BY RADON 
(Small area treated) 


Animal | Saye = 
No. in mg-hr.. Maximum Reaction and Time of Appearance Final Reaction at goth Day 
in Days | Post-Treatment 

12 2 ©? epilation both surfaces ....97d. | 70° dorsal epilation 

12 25 jo"; dorsal, 10°% ventral epilation... .75d. dorsal epilation 
I 274 100°, dorsal epilation §3d. 85° dorsal epilation 

12 100°, epilation both surfaces 85d. 100% epilation both surfaces 

12 6 100°, epilation both surfaces 47d. 95° dorsal, 100% ventral epilation 
2 376 100°, epilation both surfaces 26d. go% dorsal, 95% ventral epilation 
2 45 100, epilation both surfaces 40d. 95° dorsal, go% ventral epilation 
100°, epilation both surfaces 36d. dorsal, 95% ventral epilation 
8 34 100°, epilation both surfaces 33d. 100°; epilation both surfaces 

100‘, epilation both surfaces 100°; epilation both surfaces 
12 2 100°, epilation both surfaces with ulcer.23d. 100% epilation both surfaces 


The maximum tissue reactions show that 
the 200, 250 and 274 mc-hr. treatments 
resulted in incomplete epilation for both 
surfaces of the treated area. At ninety days 
post-treatment there is a very slight re- 
turn of hair over the irradiated region. 

4. Roentgen treatment of a relatively small 
area of the ear of an adult rabbit. (200 kv.; 
filter, 0.§ mm. copper, 0.8 mm. aluminum 
and 2.5 mm. celluloid; distance, so cm.; 
62 r per min.; area treated approximately 
sO sq. mm. 

Seventeen treatments were given rang- 
ing from 100 r to § r. The results are 
shown in Table 1v. The threshold dose for 
complete epilation of both surfaces of the 
ear is approximately 1800 r. Doses of 15 
rand 17so r are slightly below this tissue 
reaction, while doses of 2 r, and above, 
give complete epilation at ninety days post- 
treatment. 


5. Roentgen treatment of a relatively large 


area of the rabbit's ear. (200 kv.; filter, 0.5 
mm. copper, 0.8 mm. aluminum and 2.5 
mm. celluloid; distance, 50 cm.; 62 r per 
minute; area treated approximately 28 sq. 
cm.) 

The results for this experiment using 
rabbits’ ears are also preliminary as only 
four treatments have been completed. The 
exposures appear well selected and the 


Tissue Reaction 


threshold dosage for complete epilation of 
both surfaces of the ear may be estimated 
at 1800 r (see Table v). Fifteen hundred 
roentgens gives a maximum tissue reaction 
of approximately two-thirds epilation of 
just the dorsal surface of the ear, while 
2000 r produces complete epilation of both 
surfaces. We therefore approximate the 
threshold dosage at 1800 r. The largest 
dose of 3000 r completely destroyed a large 
portion of the treated area. 

6. Irradiation of a relatively large area of 
the rabbit's ear by the radium element pack. 
4 grams of radium; filter equivalent to 2 
mm. lead and 2 mm. celluloid; distance, 
6.2 cm.) 

The results here are also preliminary, as 
only four treatments were completed. They 
ranged from 15,000 to 32,000 mg-hr., as 
shown in Table vi. The threshold for com- 
plete epilation of both surfaces of the ear 
is roughly 15,000 mg-hr. At the fifty-fifth 
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Taste lV 
ROENTGEN IRRADIATION OF RABBIT’S EAR 
(Small area treated) 
Tissue Reaction 
. | Dosage | 
Animal | . 
No. m roent-) \taximum Reaction and Time of Appearance Final Reaction at goth Day 
rel 
gen in Days Post-Treatment 
2 1000 5% dorsal epilation............... 4od Recovery 
2 1200 10% dorsal epilation............... 5sd Recovery 
I 1200 95°; dorsal, 10°; ventral epilation... . 48d 50%; dorsal, ventral epilation 
2 1500 95°; epilation both surfaces. ...... 113d. go"; epilation both surfaces 
2 500 go; dorsal, 75°; ventral epilation 43d 10°; dorsal, so; ventral epilation 
2 500 75°; dorsal, 85°; ventral epilation... .8sd 75°, dorsal epilation 
I 750 100°; epilation both surfaces. sod 100°; dorsal, 95°; ventral epilation 
2 2000 100; epilation both surfaces 38d 100%; epilation both surfaces 
F 2000 100°; epilation both surfaces asd 100°; epilation both surfaces 
5 2500 100°; epilation both surfaces 32d 100%; epilation both surfaces 
2 2500 100°; epilation both surfaces 20d 100%; epilation both surfaces 
4 3000 100°; epilation both surfaces 38d 100°, epilation both surfaces 
300C 100°; epilation both surfaces... . 100°; epilation both stirfaces 
5 400¢ 100°; epilation both surfaces with 
ulcer 45d 100°; epilation both surfaces 
4 400 ; epilation both surfaces 36d. 100°, epilation both surfaces 
4 §000 ; epilation both surfaces 30d. 100', epilation both surfaces 
5 epilation both surfaces 100°, epilation both surfaces 
Taste V 
ROENTGEN IRRADIATION OF RABBIT'S EAR 
(Large area treated) 
Tissue Reaction 
osage 
Animal |. 
No. Maximum Reaction and Time of Appearance Kinal Reaction at goth Day 
zens 
be in Days Post-Treatment 
16 1COO 10° ( dorsal epilation gsd. 10%, dorsal epilation 
16 1 50¢ 75°, dorsal epilation 75°; dorsal epilation 
10 200¢ 100°; epilation both surfaces 23d. 100°; epilation both surfaces 
10 3000 100°; epilation both surfaces with per- 100; epilation both surfaces with 
foration. . perforation 
Taste VI 
IRRADIATION OF RABBIT’S EAR BY RADIUM ELEMENT PACK 
(Large area treated) 
Vissue Reaction 
Animal | Dosage 
No. in mg-hr.. Maximum Reaction and Time of Appearance Final Reaction at goth Day 
in Days Post-Treatment 
15 15,000 go", epilation both surfaces sof, dorsal, ventral epilation 
11 20,000 100%; epilation both surfaces 38d 9s°, epilation both surfaces 
6 | 24,000 100°; epilation both surfaces . 26d 100°, epilation both surfaces 
8 =| 32,000 | 100%, epilation both surfaces with 
| 75d Ear destroyed 


| 
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day post-treatment, approximately 90 per stantially the same degree of epilation is 
cent of both surfaces of the ear was epi- produced by 400 mc-hr. administered with 


lated, but by the ninetieth day there was the radon bulb at 1 cm. and 2350 r of 
a moderate return of hair to the dorsal sur- 


roentgen radiation. Hence, so far as epila- 
face. Doses of 20,000 


and 24,000 mg-hr. tion of the mouse tail is concerned 
gave early, complete epilation of both ear 400 mc-hr. at I cm. =2360 r. 
surfaces, while 32,000 mg-hr. produced de- Since the gamma radiation of 1 
struction of the entire irradiated area. 

The results of all experiments are sum- 
marized in Table vit. On account of the 


me. of 
radon is the same as that of 1 mg. of ra- 


dium, we may express the exposures equally 
well in milligram-hours. Then 400 mg-hr. 


TaBLe VII 


Roentgen treatment of the tails of 
Radon bulb on the tails of young mice a 
ee young mice 
Epilation Dose 


Pathological Amputation $50 mc-hr. 28 


Radon bulb on the rabbit’s ear (small 
area) 


Roentgen treatment of the rabbit’s 
ear (small area) 


Epilation Dose 250-300 me-hr. i6sor 


Necrosing ey se 


2 me-hr. Unknown—over § r 


Radium element pack on the rabbit’s | Roentgen treatment of the rabbit’s 


ear (large area ear (large area 


Epilation Dose 1S, 20, mg-hr. 1 500-2 r 


Necrosing Dose fh: 32 mg-hr. 2 3 r 
fairly large number of tests made on the 


mouse’s tail, both with the radon bulb and 
roentgen rays, the results in this case are 


may be taken to correspond to 1000 mg., 


or 1 gram of radium applied for 0.4 hours, 
or 24 minutes. Therefore 


probably as reliable as may be expected 
in this type of work. The results of the ex 1 gram Ra at I cm. = =98 equiva- 
periments on rabbits’ ears are only pre- “+ 


liminary, since the number of tests made lent r per minute, or, in round figures, 100 
is too small. The gamma-ray and roentgen- equivalent r per minute. 
ray doses given in this table iv pairs are Similarly, taking amputation of the 
those which produce essentially equivalent mouse’s tail as a basis of comparison, we 
reactions, within the limitations of the ex- have sso mc-hr. at 1 cm. = 2800 r. Whence 
periments. | gram Ra at 1 cm.=85 equivalent r per 
The experimental data enable us to cal- minute. Making an approximate correction 
culate the gamma-ray emission of radium for the average distance of different parts 
of the tail to the source, the gamma-ray 
intensity at | cm. distance would be higher 


n sources in terms of “equivalent’’ roentgens 
per minute, the equivalence being based on 
the relative effectiveness of roentgen rays than the above, and in good agreement 

with the one for the epilation effect. 

Since the radon bulb used in these ex- 


and gamma rays in producing a given bio- 
logical ettect. Thus we have found that sub- 


f 
400 mc-hr. 
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periments is very small, it may be con- 
sidered to be a point source. Therefore by 
applying the inverse square law it is pos- 
sible to calculate the gamma-ray intensi- 
ties at other distances from the source. At 
a distance of 6 cm. from 4 grams of radium, 
the intensity would be 11.1 equivalent r per 
minute. The radium pack, however, is not 
a point source. A correction for this brings 
the intensity for the pack at 6 cm. to ap- 
proximately 10 equivalent r per minute. 
This value was checked indirectly by ob- 
taining the ratio between the intensity at 
the periphery of our radon applicator and 
the intensity at 6 cm. from the pack, by 
means of Drosophila eggs and photographic 
films. This work was done by Dr. Henshaw 
and Mrs. Quimby respectively. 


SUMMARY 


1. We have described experiments in 
which mammalian tissues are used to com- 
pare the biological effectiveness of gamma 
rays and roentgen rays. 

2. The tissues used are a segment of the 
tail of young mice, and the ears of an adult 
rabbit. 


MARCH, 1933 


3. The biological changes studied varied 
from slight epilation to necrosis of the 
tissues. 

4. In the experiments in which the 
mouse tails were employed, the large num- 
ber of animals used permits a comparison 
between the effectiveness of gamma rays 
and roentgen rays on a fairly quantitative 
basis. 

5. Since the roentgen-ray doses em- 
ployed were measured in roentgens, it is 
possible to calculate the gamma-ray emis- 
sion of radium in “equivalent’’ roentgens 
per minute. When the equivalence is based 
on the equality of effect produced in the 
mouse tails it is found that the gamma-ray 
emission of 1 gram of radium is approxi- 
mately 100 equivalent roentgens per min- 
ute at I cm. distance. Translating this to 
the emission of the 4-gram radium pack 
at 6 cm., we find an emission of approxi- 
mately 10 equivalent roentgens per min- 
ute.* 

The writers wish to express their thanks to Dr. G, 
Kailla and Mrs. Edith H. Quimby for their aid in 
the course of the experiments. 


* For discussion see page 362. 
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THE RELATIVE EFFECTS PRODUCED BY 200 KV. 
ROENTGEN RAYS, 700 KV. ROENTGEN RAYS, 
AND GAMMA RAYS 


V. COMPARISON BASED ON THE PRODUCTION OF ERYTHEMA 
IN HUMAN SKIN* 


By JAMES J. DUFFY, ROBERT F., 


| ee many years physicists have been 
devising instruments for the measure- 
ment of roentgen rays and radium rays, 
both as regards the intensity or quantity, 
and the quality. The many devices for the 
measurement and the diverse methods of 
expressing dosage multiplied until it was 
necessary to establish an international unit. 
This was established in 1928, and is known 
as the roentgen, or r. It is detined as fol- 
lows: “The international unit is that quan- 
tity of X-radiation which, when the sec- 
ondary electrons are fully utilized and the 
wall etfect of the chamber is avoided, pro- 
duces in one cu. cm. of air at 0° C. and 76 
mm. mercury pressure, such a degree of 
conductivity that one electrostatic unit of 
charge is measured at saturation current.” 
[t is obvious that this definition is purely 
physical and therefore it does not take into 
consideration the response of living tissue 
treated under various conditions, such as 
intensity of radiation, time during which 
the full dose is administered, and the 
quality or the wave length. To the radiolo- 
gist this is of paramount importance. For 
instance, it is well known that the same 
quantity of roentgen rays measured in 
roentgens does not produce the same bio 
logical etfect if the time during which it is 
administered varies from a few minutes to 
several days. On the other hand, very little 
is known about the influence of wave- 
length on the biological effect. Hence, one 
cannot determine the proper dosage for 
widely different qualities of radiation by 
physical measurements alone. By proper 
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dosage we mean the dose which is thera- 
peutically effective but is not unduly de- 
structive to the normal tissues. In general, 
it is the effect on these normal structures 
which finally limits the amount of radiation 
which can be delivered to a deep-seated 
tumor from an external source. In particu- 
lar, the effect on the skin is the most im- 
portant because this structure usually re- 
ceives the largest amount of the radiation. 
The skin is also the obvious indicator of the 
degree of the damage produced. 

If physical measurements alone do not 
determine the dosage which the skin can 
tolerate, then it is necessary to find a 
biological method to estimate the output 
of any new source of radiation. Since the 
skin ultimately limits the dose delivered 
to a tumor, it 1s desirable to use this tissue 
as a biological indicator. The biological 
unit cannot be based on the tolerance of the 
skin to radiation, because in this case it is 
impossible to establish a definite end-point. 
There are all gradations of first and second 
degree reactions. The degree of reddening 
is of no value because the various amounts 
of pigmentation in the skin of different in- 
dividuals make comparisons useless. No 
two observers can agree on the relative de- 
grees of reaction. The inherent pigment of 
the skin also renders tintometers of doubt- 
ful value. 

It is well known that the skin of different 
individuals shows a varying reaction to the 
same amount of radiation. For instance, 
there is a dose of radiation which produces 
no visible effect on the skin of the radio- 
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resistant person, but which will cause a 
slight to moderate reaction on the skin of a 
radiosensitive person. By utilizing this 
varying response to irradiation, the per- 
sonal element in the observation can be 
eliminated almost entirely. It is necessary 
only to determine whether or not there is 
any visible effect following the exposure 
to a certain dosage of radiation. By re- 
peated trials of varying amounts of radia- 
tion, it is possible to obtain any desired 
percentage of positive reactions. The dose 
which produces this percentage of positive 
reactions is the so-called “threshold ery- 
thema dose.”’ The threshold erythema dose 
which we have adopted may be defined as 
that dose of radiation which will cause a 
perceptible change in the skin of 80 per 
cent of the subjects and no discernible dis- 
coloration in 20 per cent in two to four 
weeks after the exposure to the rays. 

It should be noted that this dosage is not 
a therapeutic dosage, being about one-half 
the amount delivered to the skin of patients 
in our hospital. This dosage is simply a 
guide to the biological effects of the ditfer- 
ent types of radiation. Neither are these 
tests a measure of the quantity of the ra- 
diation delivered by the several sources, as 
measured by physical means. We are get- 
ting the biological effects and subsequently 
comparing the skin effect with the physical 
quantity. 

The patients for these tests are chosen at 
random and the predetermined dose is 
given. Each patient is seen at weekly in- 
tervals for at least four weeks, and the 
presence or absence of reaction is noted. 
Each subject is seen by two observers, the 
decision as to whether or not there is 
any skin change is made independently and 
the questionable reactions are noted as 
negative reactions. The individual differ- 
ences of the patients are eliminated by sub- 
jecting a number of patients of all ages and 
both sexes to these tests. 

Although the results obtained are not 
mathematically exact, they are reasonably 
accurate for biological and clinical investi- 
gation. 
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In this.series of tests, the extensor sur- 
face of the forearm was used for all irradi- 
ations. This field was chosen because the 
700 kv. machine activates a_ horizontal 
tube. Thigh exposures, which were used in 
previous experiments, would have been un- 
satisfactory on account of the technical 
difficulty of properly setting and immo- 
bilizing the part in front of the port. More- 
over, the exposure to the radium element 
pack is of such long duration that it was 
imperative to make the patient as com- 
fortable as possible to prevent movement. 

Three types of radiations were used in 
these experiments: radiations produced by 
200 kv., by 7oo kv., and gamma rays from 
the radium element pack. 

The 200 kv. machine 1s a water-cooled 
outfit, running at 30 ma., and the target- 
skin distance 1s so cm. The rays are filtered 
by 0.§ mm. of copper and 3 mm. of alu- 
minum. The size of the port was 8 XS cm. 
to conform approximately with the element 
pack aperture which cannot be altered. 

The second source of radiation used tn 
these tests was the General Electric 7 
kv. machine. The current in this tube ts ¢ 
ma., and the rays are filtered by the equiva- 
lent of § mm. of copper. The port was 10 X$ 
cm., at a target-skin distance of 60 cm. 

The radium element pack was used as 
the third source of radiation. The factors 
of this source of radiation are as follows: it 
contains 4 grams of radium distributed 
over a circular area 7.5 cm. in diameter; 
the filter, partly platinum and partly brass, 
1s equivalent to 2 mm. of lead. To decrease 
the time of exposure, the pack Was applied 
at the shortest distance possible, that 1s, 
with the 6 cm. port. In order to lessen the 
secondary radiation from the filter and the 
sides of the port, a 3 mm. celluloid filter 
was interposed between the applicator and 
the skin. Therefore, the distance from the 
radium to the skin was 6.3 cm. The total 
dose was given without interruption, as 
were the doses with both roentgen ma- 
chines. 

Roentgen rays produced at 200 kv. were 
taken as the norm with which the other 
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types of rays were compared. The roentgen 
output was measured physically before 
each set of skin tests so that the error from 
daily fluctuation was avoided. The thresh- 
old dose for this radiation, determined in 
the manner outlined above, was found to 
be 450 roentgens, measured in air, or ap- 
proximately 540 r allowing for back-scat- 
tering. 

In making the tests with the 7oo kv. 
radiation, the output of the machine was 
maintained constant at an arbitrarily es- 
tablished setting,* and a determination 
made of the time of exposure necessary for 
the radiation delivered at this rate to pro- 
duce the threshold erythema. This time 
was found to be 55 minutes. If we now as- 
sume that a given number of roentgens 
will produce the same reaction independ- 
ently of the quality of the radiation, we can 
determine the output of the kv. ma- 
chine by means of this erythema time. 
Since 540 r produce the erythema for 
200 kv. roentgen rays, and it takes ¢5 
minutes’ exposure to cause the same re- 
action with 7oo kv. roentgen rays, the 
latter are being delivered to the skin at 
the rate of = =y.8 r per minute. Cor- 

55 
rected for scattering, this 1s reduced to 
8.6 r per minute. (Uhe number of patients 
used in this series of tests was not large; 
after further experimentation it may be 
necessary to modify this result somewhat.) 

Many subjects were tested with the ra- 
dium pack. The threshold dose at the ex- 
perimental distance of 6.3 cm. proved to be 
14,1 mg hr. When this 1s corrected to the 
standard distance of 6.0 cm., 1t 1s reduced 
by 10 per cent to 12,700 mg-hr. 

With 4 grams of radium it takes  19¢ 
minutes to give 12,700 mg-hr. Comparing 
this with the effect of 540 r by roentgen 
rays at 200 kv., it is found that the equiva- 
lent roentgen output of the element pack 
at 6 cm. is 2.8 r per minute, as measured 
by this biological etfect. 


* This setting was different from that used in other expert 
ments reported at th In Part vii all the results have 
been reduced to the sat tting in order to facilitate the com 
parison, 
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The duration of time to produce a thresh- 
old erythema at the 1o and 15 cm. dis- 
tances would be too great to subject pa- 
tients to the ordeal, so the threshold ery- 
themas at these distances are ascertained 
from physical experiments. At 10 cm. the 
threshold erythema dose is calculated to 
be 30,200 mg-hr., and at 15 cm., 63,500 
mg-hr. 

To deliver 30,200 mg-hr. of radiation it 
takes 7 hours and 33 minutes, or 453 
minutes, hence the roentgen output at 10 
cm. is 1.2 r per minute. The duration of 
time to deliver 63,500 r is 15 hours and 52 
minutes, or 952 minutes. Therefore the out- 
put at this distance is 0.57 r per minute. 
These figures are obtained by calculation 
and are not derived from actual skin tests. 


SUMMARY 


1. The definition of the roentgen does 
not include any reference to the biological 
effect. 

2. Normal structures finally limit the 


amount of external radiation that can be 
delivered to a tumor. 


3. The skin is the first obvious indicator 
of the destructive process. It also serves as 
a biological indicator to the radiation ther- 
apist. 

4. The threshold erythema is defined 


and its experimental determination is de- 
scribed. 


5. Roentgen rays at 200 kv. produce a 
threshold erythema on the extensor sur- 
face of the forearm with $40 r, measured in 
air. 

6. The rate of output of the 700 kv. ma- 
chine as measured by this biological effect 
is 8.6 r per minute at a 50 cm. distance. 

7. The 4-gram radium pack at 6 cm. has 
an output of 2.8 r per minute according to 
the erythema reaction test. 

8. The calculated equivalent outputs of 
the pack for 10 cm. and 15 cm. distances 
are 1.2 and 0.57 r per minute, respectively.* 


* For discussion see page 202. 


} 
t 
d 
d 
ic 
d 
le 
al 
iS 
A- 
re 
Cr 


Marcu, 1933 


THE RELATIVE EFFECTS PRODUCED BY 200 KY. 
ROENTGEN RAYS, 700 KV. ROENTGEN RAYS, 
AND GAMMA RAYS 


VI. COMPARISON BASED ON CLINICAL OBSERVATIONS* 


By ROBERT F. McNATTIN 
Research Fellow, Memorial Hospital 
NEW YORK CITY 


ACCORDING to our present knowl- 

edge, 200 kv., roentgen rays, 700 kv. 
roentgen rays, and gamma rays, belong to 
the same general class of ionizing radia- 
tions, and differ intrinsically only in wave- 
length. In consequence of this difference, 
they differ also in their penetrating power 
and any other property which is dependent 
on the wave length. The biological proper- 
ties of ordinary roentgen rays and gamma 
rays have been discussed for many years 
by many investigators, but there 1s at pres- 
ent no unanimity of opinion. Some claim 
that roentgen rays and gamma rays have 
the same biological properties, while others 
attribute to gamma rays a more selective 
action, making this quality of radiation 
more effective in the treatment of certain 
neoplastic diseases. 

The absence of a generally accepted con- 
clusion on this point after years of clinical 
and laboratory experimentation bespeaks 
the difficulties of the problem. The chief 
difficulty results from the fact that roent- 
gen rays and gamma rays cannot be used 
under the same conditions. With the 
amounts of radium ordinarily available for 
external treatments——up to 4 or § grams 
it is necessary to keep the radium-skin dis- 
tance within 15 cm., otherwise too long a 
time is required to deliver a therapeutic 
dose. High voltage roentgen rays, on the 
other hand, are applied with a target-skin 
distance of 50 cm. or more. Since the in- 
tensity of radiation delivered to a given 
tissue depth depends markedly on the dis- 
tance between the source and the skin sur- 
face, it is evident that, on this score alone, 
roentgen and radium treatments as ordi- 


* Read at the Thirty-third Annual Meeting, American Roentgen Ray Society, Detroit, Mich., Sept. 2; 
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narily given are not strictly comparable. 
There is, in addition, another point of 
difference which recent experience has 
shown to be very important. It is the time 
during which the total dose of radiation is 
administered, and the intervals at which 
individual treatments are given. With ra- 
dium packs at 10 or 15 cm. distances, the 
complete cycle of treatment is apt to ex- 
tend over a considerably longer time than 
is found expedient in the case of roentgen 
therapy. 

In addition to these “physical” limita- 
tions, which could be overcome by a suit- 
able increase in the amount of radium, 
there are the well-known difficulties which 
apply to all statistical comparisons in can- 
cer therapy. In order to make the proper 
comparison, patients having a certain type 
of tumor in a given location should be 


taken at random to be treated with one of 


the three qualities of radiation. lor in- 
stance, the first patient admitted for treat- 
ment might be given 200 kv. roentgen rays, 
the second, 700 kv. roentgen rays, the third 
gamma rays, the fourth, 200 kv. roentgen 
rays, and so on in rotation without sub- 


jective selection. With a large number of 


patients in each group, inequalities in the 
clinical factors of the individual cases 
would tend to balance out. Then by keep- 
ing complete records of all the patients over 
a sufficiently long period of time, it would 
be possible to make comparisons under 
different classifications, such as: immediate 
effects, local effects, general effects, tem- 
porary regression, recurrence, metastasis, 
etc. In this way one could decide eventually 
by which radiation the best results are ob- 
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tained, at least under the conditions in 
which the three qualities of radiation were 
applied. 

The practical application of such a pro- 
cedure is fraught with numerous difh- 
culties. Patients cannot be treated like 
laboratory animals. Adjustments must be 
made to meet the requirements of the in- 
dividual case for the best interests of the 
patient. Certain predilections, preferences, 
and idiosyncracies of both patient and 
physician in charge of the case cannot be 
ignored. The number of patients applying 
for treatment and the waiting lists for the 
three types of treatment, in conjunction 
with the urgency of treatment, have no 
small influence on the decision reached. 

At the Memorial Hospital 200 kv. roent- 
gen rays have been used since 1920, radon 
packs of | to 3 mec. since Igis, a 
pack with 4 grams of radium since 1925, 
and 700 kv. roentgen rays since October, 
1931. A very large number of patients have 
been treated and reasonably complete rec- 
ords have been kept, but nevertheless it 1s 
not simple to make a comparison of the 
relative merits of the three qualities of ra- 
diation. The stringent conditions set forth 
above for a proper comparison have not 
been met on account of practical difficul- 
ties, some of which have already been men- 
tioned. In the case of 7oo kv. roentgen 
rays, of course, the time is entirely too 
short for the evaluation of clinical results. 
Furthermore, on account of the necessity 
of physical and biological experimentation 
to establish equivalence of dosage, and 
some interruptions due to mechanical difh- 
culties which are always present in a new 
type of apparatus, the number of cases of 
any one type which have been treated with 
700 kv. roentgen rays is too small for statis- 
tical purposes. Accordingly the present re- 
port is far from satisfactory in several re- 
spects. Nevertheless, while the data can- 
not be considered as strictly objective, 
they are at least suficient to formulate cer- 
tain definite impressions. These impres- 
sions are not only those of the writer, who 
has been in intimate contact with the work 
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for a relatively short time, but they repre- 
sent also the combined experience of those 
members of the hospital staff who have fol- 
lowed closely the radiation treatment of 
the type of case discussed here. In spite of 
its limitation, therefore, this preliminary 
report is added to the other papers of this 
symposium. The lack of any definite in- 
formation on the subject and the general 
interest of radiation therapists in the use 
of higher voltage roentgen rays are per- 
haps sufficient justification for making any 
report at this time. 

In view of the experimental results ob- 
tained at the hospital, which have been pre- 
sented in the preceding papers, it 1s evi- 
dent that the significant point to be de- 
termined by clinical observation is the rela- 
tive effect produced on the skin and in 
tumors by the three qualities of radiation. 
The effect produced on the skin can be 
followed easily from its inception to the 
end. But the effect produced on a tumor is 
difficult to evaluate, particularly when the 
tumor 1s deep-seated or otherwise inaccessi- 
ble. For this reason it was decided to base 
the comparison on cases of cancer of the 
larynx, pharynx, hypopharynx, and tonsil. 
Tumors in these locations, while deep- 
seated in the sense that radiation applied 
externally must first traverse the skin and 
other tissues, are nevertheless observable 
at all times. baa course after irradiation, 
therefore, can! be followed closely. The ef- 
fect on the mucous membrane can also be 
observed. Furthermore, these tumors are 
amenable to treatment by external irra- 
diation in fractional doses, as shown by 
Coutard. Many patients had been treated 
in this way at the hospital with the radium 
pack or with 200 kv. roentgen rays before 
the 700 kv. tube was installed. Accordingly, 
it was also the simplest procedure to use the 
new quality of radiation in an analogous 
way. The time interval during which the 
complete treatment was administered was 
about three weeks, to correspond with 
treatments given with 200 kv. roentgen 
rays. The radium pack cases which are re- 
ported here were treated previously, with 
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no definite idea in mind of a direct com- 
parison, and therefore the time factor was 
not kept within pre-established limits. 

In view of the short time during which 
the 7oo kv. radiation has been used, we 
shall confine our attention to the immedi- 
ate effects noted during, and for a short 
period following, the administration of ra- 
diation. By “immediate effects” are meant 
the changes in the skin, mucous membrane, 
and tumor, as_ well as the constitutional 
effects. 

The first group of cases to be considered 
consists of those treated with the 200 kv. 
(peak) roentgen machines, of which there 
are two types. The air-cooled machine 
operates at 4 ma., and the water-cooled one 
at 30 ma. A filter of 0.5 mm. of copper and 
3 mm. of aluminum is used, with target- 
skin distances of 50 or 60 cm. The irradi- 
ated field is about 8 X1o cm. 

The method of application is similar to 
that advocated by Coutard of the Radium 
Institute in Paris. This type of treatment 
has been used for nearly two years at the 
Memorial Hospital, but has been modified 
during the past year. At first a daily dose 
of 400 r, measured in air,* was applied to 
alternate sides of the neck in treating lesions 
of the larynx, pharynx, nasopharynx, or 
tonsil, until a total of 4800 rhad been given. 
This required a period of treatment of thir- 
teen to fourteen days. In all of these patients 
the sequence of symptoms was as follows: 
After four to six treatments had been ad- 
ministered, a mucositis began to develop, 
and the skin of the neck began to show 
some redness and beginning desquamation. 
Seven days following the completion of the 
treatments, there was a very sharp mucos!- 
tis, as represented by a thick, diphtheritic 
membrane covering the mucosa of the area 
treated. By this time many vesicles and 
small fissures had appeared in the skin over 
the areas treated. By the tenth day there 
was an epidermicidal reaction of the skin, 
consisting of more or less marked blister- 


* All doses of roentgen rays which are expressed in roentgens 
in this paper refer to measurements made in air, without back- 
scattering. 
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ing. The mucositis had reached its height; 
there was considerable edema of the sur- 
rounding tissues and all the visible struc- 
tures were covered with a diphtheritic 
membrane. This reaction was present for 
several days. In some cases it did not ap- 
pear as soon as in others, but in all cases the 
radiation reaction reached its height not 
later than twelve to sixteen days after the 
treatments were completed. Six to eight 
weeks later the major portion of this re- 
action had subsided, and the skin was com- 
pletely healed. 

During this period the patients developed 
difficulty in swallowing, loss of taste, loss 
of appetite, and complained of a severe 
burning sensation in the throat. Because 
of these symptoms, they frequently suf- 
fered marked loss of weight. Efforts were 
made to maintain the caloric intake by 
means of frequent feedings. Occasionally it 
was necessary to institute nasal tube feed- 
ings, and in a few cases to perform a gas- 
trostomy. Sometimes it was necessary to 
hospitalize a patient because of inadequate 
nursing care at home. Most of the patients 
had symptoms of severe pain radiating to 
both ears, and some of them developed 
such difficulty in breathing that a tracheot- 
omy was required. 

Because of the severity of the reaction 
following this type of treatment, the course 
of therapy has been altered so that for 
some time we have been giving smaller 
daily doses—-250 to 300 rover a longer 
period of time, namely, twenty-one to 
twenty-three days. We are now giving in 
most cases a greater total dosage than that 
administered when 400 r was given daily 
to alternate fields. We learned that when 
the period of treatment in days was 1n- 
creased and the daily dose lowered, a satis- 
factory radiation effect was not obtained 
unless the total amount given in- 
creased by at least 25 per cent, thus bring- 
ing the total dose, as a rule, to 6 r: 

Calculations have been made in the 
Physics Department to determine approxi- 
mately the tissue doses delivered to the 
average patient under these conditions. 
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For this purpose the following factors were 
taken: Average depth of tumor below the 
skin, 4 cm.; average distance to the skin 
on the opposite side of the neck, 8 cm.*; 
average back-scattering, 25 per cent; thresh- 
old erythema dose for fields of comparable 
size, 400 r measured in air, or 600 r on the 
skin, administered at one time. Vhe calcu- 
lated average tissue doses on this basis are: 
On the skin of either side of the neck, 8 
threshold erythema doses (‘T.£.D.); in the 
tumor, 6 T.£.b. (administered within about 
three weeks). 

With this type of treatment, the skin re- 
actions are not so severe as when the treat- 
ment is completed in about two weeks, al- 
though the mucositis 1s just as sharp as 
that obtained by larger daily doses. The 
effect on the primary lesion has been 
equally good with both methods. The con- 
stitutional effect on the patient who has re- 
ceived the smaller daily dose is less. All the 
symptoms are present, namely, dysphagia, 
loss of taste, loss of appetite, and some- 
times difficulty in breathing, but they are 
much less severe, so that the care of the 
patient is not so difficult. There 1S, how- 
ever, individual variation, so that one may 
have to hospitalize the patient for adequate 
nursing care, even when the smaller daily 
dose is en. 

With the 7oo kv. machine the physical 
factors are: kv. peak, 5 ma., a filter 
equivalent to 5 mm. of copper, and a tar- 
get-skin distance of 60 to 65 cm. The ir- 
radiated field is about 9 cm. in diameter. 
Since we were using a type of roentgen 
radiation with which we had no previous 
clinical experience, it was necessary to pro- 
ceed cautiously. The threshold skin ery- 
thema dose was first determined, starting 
with a dose which had been determined by 
physical measurements to be perfectly sate. 
Once this was established, the dose was 
gradually increased until the practical up- 
per limit of skin tolerance was determined 
when a single massive dose was applied. 

A large group of mixed cases was treated 


* The two cross-fire beams 


directions, but pointed partly toward the back of the ne 


used were not from opposite 
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during the first few months, namely, osteo- 
genic sarcoma, carcinoma of lung, breast, 
stomach, and rectum. In general the treat- 
ments were administered fractionally in 
cycles, giving various doses. A great deal 
of time was consumed in this procedure, 
but simultaneously biophysical experiments 
were being carried out. It was not until 
March, 1932, after it was determined what 
could be expected, that we began treating 
cases of carcinoma of the larynx, pharynx, 
hypopharynx, and tonsil, using the di- 
vided dose technique similar to that used 
with the 200 kv. machine. 

It will be recalled that the dosage used 
with 200 kv. roentgen rays was 250 to 300r 
daily on alternate sides of the neck. This 
corresponds to a skin dosage of approxi- 
mately 3 to 3 threshold erythema unit, 
without allowing for cross-firing. With 700 
kv. a more conservative procedure was 
adopted and the daily treatments were 
limited to } to 4 1.£.D. The average total 
dose for the skin of the neck, making allow- 
ances for back-scattering and cross radia- 
tion, has been 5.3 T.£.D. The average total 
tumor dose has been 4.7 T.£.D. It will be 
noted, therefore, that both the skin and 
tumor doses given with 700 kv. roentgen 
rays are considerably smaller than those 
given with 200 kv. roentgen rays, under 
very similar conditions. 

The course of the reaction, as a rule, 
was as follows: After about the twelfth 
treatment the skin began to show slight 
reddening and a slight mucositis had de- 
veloped. At the end of the treatment these 
symptoms had increased somewhat. One 
week after the last irradiation there was a 
very sharp mucositis and marked regres- 
sion of tumors. In general, the skin showed 
only superficial desquamation. During and 
following the treatment, the patients com- 
plained of a moderate amount of dryness 
in the throat. Those with laryngeal lesions 
complained of some difficulty in swallow- 
ing. The general condition of the patients 
remained good. 

While no definite conclusions can be 
drawn as to the final results obtainable in 
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this group of cases with 700 kv. roentgen 
rays and the divided dose technique, the 
present indications are that at least the 
same results can be obtained using a dosage 
which causes considerably less discomfort 
to the patient locally and generally. 

In those cases treated by the radium ele- 
ment pack, the plan of treatment varied 
with the exigencies of the case, the avail- 
ability of the radium, and the judgment of 
the physician in charge of the case. Be- 
cause of these conditions, a direct com- 
parison is rendered still more difficult. 

The element pack consists of 4 grams of 
radium so mounted in a lead and brass 
case that it may be applied through two 
ports, both of which are 10 cm. in diameter. 
In one the radium-skin distance is 6 cm., 
in the other, 10 cm. It has also been used 
with a radium-skin distance of 15 cm. The 
beam of radiation 1s filtered by an equiva- 
lent of a 2 mm. of lead. The total doses 
given with the pack have ranged from 
48,000 milligram-hours to 200,000 mg-hr. 
This, however, does not give the proper 
idea of the tissue doses employed. In order 
to do this, the cases have been divided into 
three groups according to the radium-skin 
distance at which they were treated. In the 
6 cm. group, the average skin dose was 4.3 
T.E.D. and the average tumor dose 2.2 
T.E.D. In the 10 cm. group, the average 
skin dose was 2.8 T.£.D., and the average 
tumor dose 1.7 T.£.D. In the 15 cm. group, 
the average skin and tumor doses were re- 
spectively 2.3 and 1.6 T.£.p. Thus it will 
be seen that, while the milligram-hour doses 
in the 15 cm. group reached a maximum of 
200,000 mg-hr., the tissue doses were ac- 
tually lower than for the other two groups. 
It will be noted also that when tissue doses 
are expressed in terms of the threshold 
erythema unit experimentally established 
according to the method described in the 
preceding paper in this symposium, the 
cases treated with the radium pack re- 
ceived much less radiation than those 
treated with 200 kv. or 700 kv. roentgen 
rays. Nevertheless, the cases treated at the 
longer distances have shown results com- 
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parable to those obtained with much larger 
roentgen doses. 

The patients treated at the 10 or 15 cm. 
distance reacted in this fashion: About 
twelve to sixteen days after the treatment 
was started, the patients usually com- 
plained of dryness of the throat. About the 
twentieth day they began to complain of 
slight difficulty in swallowing, the skin 
showed some reddening, and mucositis was 
beginning to develop. A few days after the 
treatments were completed, a very sharp 
mucositis was present. At this time the 
skin began to blister and to become fis- 
sured. The patient complained frequently 
of dysphagia, and occasionally of dyspnea. 
A few patients required hospitalization. 

When the reaction had reached its height, 
fourteen to eighteen days following the 
treatment, the skin directly over the portal 
developed a severe epidermicidal reaction, 
with blistering and denudation of the 
superficial layers. There was a very sharp 
mucositis. As in the cases treated with 
roentgen rays, often fluids had to be given 
by means of a nasal tube, combined with 
other general supportive treatments. The 
reaction reached its peak and began to sub- 
side six to eight weeks after the treatment 
was completed. The reaction involving the 
skin and mucous membrane had subsided 
entirely by the end of the twelfth week. 
Thus it was found that the use of the ele- 
ment pack, giving divided doses of radia- 
tion to the same field on alternate days, of 
the amounts stated above, results in a 
severe reaction, which, in general, however, 
is not quite so severe as that caused by the 
heavy dosage of 200 kv. roentgen rays de- 
scribed above. 

One interesting observation was made 
in the cases treated with the radium pack, 
1.e., that when the skin had healed, it be- 
came soft and pliable, and there was no 
induration of the underlying tissues. In 
those cases treated with large doses of 200 
kv. roentgen rays, who had a reaction 
equivalent to that produced by the radium 
pack, the skin was hard and brawny, and 
the underlying tissues were quite indur- 
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ated. This important point of difference 
may be explained by the marked differ- 
ence in skin dosage administered with the 
pack and with 200 kv. roentgen rays. The 
average skin doses were 2.3, 2.8, and 4.3 
T.E.D. with the radium at the 15, 10, and 
6 cm. distances respectively. With the 200 
kv. roentgen rays the average skin dose was 
8 T.£.D. But on this basis it is difficult to 
account for the sharp “immediate” skin 
reaction produced by the radium pack. It 
should be remembered, however, that it 1s 
not a simple matter to evaluate the degree 
of severity of a skin reaction. 

In conclusion, we may summarize our 
clinical observations as follows: 

1. Therapeutic doses of comparable ef- 
fectiveness may be administered to tumors 
of the upper respiratory tract by the di- 
vided dose method, using 200 kv. roentgen 
rays, 7 kv. roentgen rays, or gamma rays 
of radium. 

2. A survey of such cases treated at the 
Memorial Hospital with each of the three 
qualities of radiation indicates that the 
tumor doses which, as ¢ first approximation, 
may be considered to be therapeutically 


equivalent, are: for 200 kv. roentgen rays, 


6 T.E.D.; for 700 kv. roentgen rays, 4.7 
T.E.D.; for gamma rays, 1.6 to 2.2 T.E.D., 
each administered fractionally over a pe- 
riod of three weeks (or even longer in the 
case of gamma rays). The threshold ery- 
thema unit used here is equivalent to 600 
r of 200 kv. roentgen rays filtered by 0.5 
mm. of copper and 3 mm. of aluminun, in- 
cluding back-scattering, and administered 
at one time. 

3. When the above tumor doses are ad- 
ministered, the skin reaction is very marked 
in the case of 200 kv. roentgen rays, also 
very marked with gamma rays, and, thus 
far, the least severe in the cases treated 
with 700 kv. roentgen rays. On the other 
hand, after the skin has healed, the mild- 
est subsequent changes are found in the 
cases treated with gamma rays. (Cases 
treated with 7oo kv. roentgen rays have 
been too recent for such a comparison.) 

4. The constitutional effects have been 
relatively mild in cases treated with 700 
kv. roentgen rays, and about equally severe 
in all cases treated with 200 kv. roentgen 
rays and those treated with the radium 
pack.* 


* Kor discussion see page 362. 
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THE RELATIVE EFFECTS PRODUCED BY 200 KY. 
ROENTGEN RAYS, 700 KV. ROENTGEN RAYS, 
AND GAMMA RAYS 


VIL. CORRELATION OF EXPERIMENTAL RESULTS* 


By G. FAILLA, D.Sc. 
Biophysical Laboratory, Memorial Hospital 


NEW YORK CITY 


VER since roentgen rays were found to 
4~ be useful in cancer therapy, there has 
been a trend toward the use of higher volt- 
ages, especially for the treatment of deep- 
seated tumors. Manufacturers have kept 
pace with the demand for higher voltages, 
but at each step the price and size of the 
machine have also increased. Since the 200 
kv. voltage value was reached, about twelve 
years ago, there has been a tendency to re- 
gard this as the practical limit beyond 
which it would be hardly profitable to go. 
Theoretical considerations and physical ex- 
periments indicate, in fact, that the gain in 
the amount of radiation reaching the 
deeper layers of tissue in the human body 
increases slowly with the tube voltage (and 
filtration). If the voltage is not too low, 
the same gain can be obtained by increas- 
ing the target-skin distance, without the 
complications attendant upon the use of 
higher voltages (thicker filters, or both). 
Accordingly, most radiologists in this coun- 
try have adopted a tube voltage of 200 kv., 
a filter of 0.5 mm. copper, and a target- 
skin distance of 50 cm., as more or less 
standard factors for “deep therapy.” 

In recent years, however, some radiolo- 
gists have used filters of 1 to 2.5 mm. of 
copper with voltages of 180 to 200 kv., and 
have claimed markedly better clinical re- 
sults. The inference that this improvement 
was brought about by the increase in the 
filter, however, is not quite justified. At the 
same time that the filter was increased, the 
time factor of the treatment was also ma- 
terially altered, either intentionally or for 
practical reasons. In fact, in most in- 
stances, it was completely changed by ad- 


* Read at the Thirty-third Annual Meeting, American Roentgen Ray Society, Detroit, Mich., Sept. 27 


ministering daily fractional doses over a 
period of weeks, instead of one or a few 
large doses. Nevertheless, the thesis of the 
greater therapeutic eficacy of highly fil- 
tered roentgen rays (200 kv. and 2 mm. 
Cu) has gained considerable support. 

Evidence tending to corroborate this 
conclusion from a different angle has been 
adduced by radiologists who have used 
large radium “‘packs.’’ Among these there 
seems to be a unanimity of opinion to the 
effect that better clinical results are ob- 
tained with radium packs than with 200 
kv. roentgen rays. While this conclusion is 
really based on clinical impressions rather 
than on a strict comparison under rigid 
conditions, it cannot be dismissed lightly. 
Radium packs as ordinarily used (about Io 
cm. radium-skin distance) deliver depth 
doses which are considerably lower than 
those obtainable with kv. roentgen 
rays. (See Part 1 of this symposium.) 
Therefore, if the clinical results obtained 
with the pack are better than, or even 
equal to, those produced by 200 kv. roent- 
gen rays, there must be some intrinsic 
superiority in gamma rays. 

These considerations make it very de- 
sirable to carry out a test under comparable 
conditions. Since the amount of radium re- 
quired for this purpose would be too ex- 
pensive, it is preferable to develop a roent- 
gen tube and generator to operate at some 
voltage approaching that at which gamma 
rays could be produced artificially. With 
this idea in mind, Dr. W. D. Coolidge de- 
veloped an apparatus which is capable of 
operating at goo kv. (peak) with a current 
sufficient to give a high intensity of radia- 
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tion at $ocm. from the target. Through the 
kindness of the General Electric Company 
this apparatus was installed at the Me- 
morial Hospital in July, 1931. The tube 
has been used regularly at 7oo kv. and <s 
ma. for clinical and experimental work. 

E.ven before this new source of penetrat- 
ing radiation was made available, the prob- 
lem of the relative biological effectiveness 
of roentgen rays and gamma rays had been 
attacked in our laboratory from several 
different aspects. In fact, the proper con- 
ditions for experiments of this sort had 
been formulated by us some years ago.?* 
The reasoning involved is as follows: In 
the first place, the point in question is not 
whether equal amounts of roentgen rays 
and gamma rays produce the same bio- 
logical effects, because this 1s immaterial. 
Furthermore, this approach to the prob- 
lem introduces very serious complications, 
because one must decide first how “equal 
amounts” of roentgen rays and gamma 
rays should be measured. The all important 
point is whether the re/ative radiosensi- 
tivity of any two living tissues is the same 
when roentgen rays or gamma rays are 
used. In other words, if tissue a is four 
times as sensitive to roentgen rays as tis- 
sue B, 1s tissue A also four times as sensi- 
tive to gamma rays as tissue B? In order 
to determine this point experimentally it 
is not necessary to measure either re entgen 
rays or gamma rays, except so far as con- 
stancy of radiation output is concerned. 
For the latter purpose, it is not necessary 
to measure both qualities of radiation with 
the same instrument, or even by the same 
method. (In the case of radium, no meas- 
urement of the radiation is really neces- 
sary.) 

The determination of the radiosensi- 
tivity of a tissue is, of course, very im 
portant in making any such comparison. It 
involves in some way the measurement or 
the estimation of the degree of biological 
effect, which is a very difficult thing to do 
at best. But this may be simplified very 
materially by choosing the proper “‘end- 
point” and the proper criterion for estab- 
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lishing it. To begin with, we may define 
the radiosensitivity of a tissue by the 
amount of radiation required to produce a 
certain effect—the larger the dose required 
to produce this effect, the less radiosensi- 
tive the tissue. For this purpose the ‘“‘dose”’ 
can be expressed simply in terms of the 
duration of the exposure to a source of 
radiation of constant output. For the com- 
parison which we are considering here, the 
“effect”? need not be the same in the two 
tissues or test objects. The essential con- 
dition is that the same effect be produced 
in the same time by both qualities of radia- 
tion, e.g., roentgen rays and gamma rays. 
Thus we may choose human skin as one 
tissue and threshold erythema as the effect 
produced in this tissue. As a second tissue 
or test object we may take Drosophila 
eggs, and So per cent survival as the end- 
point. The test now consists in determin- 
ing the exposures to the source of roentgen 
rays and gamma rays which produce, re- 
spectively, the threshold erythema on the 
human skin and ‘0 per cent survival in a 
large group of Drosophila eggs. 

Such tests have been made in our labora- 
tory, and they have been described in the 
preceding papers in this symposium. It has 
been found that, with a given roentgen- 
ray intensity (and other specified experi- 
mental conditions) an exposure of 50 min- 
utes produces the threshold erythema, and 
an exposure of 39 minutes produces 50 per 
cent survival of Drosophila eggs. In spite 
of the difference in the nature of the 
effects considered, we may agree to say 
that Drosophila eggs are approximately 


—=1.3 times more sensitive to roentgen 
39 
rays than human skin, under the conditions 
in which the tests were made. The results 
of parallel experiments carried out with 
gamma rays are: 1g0 minutes’ exposure to 
produce the threshold erythema and 31 
minutes’ exposure to produce $0 per cent 
survival of the eggs. Therefore, in this case, 
Drosophila eggs may be said to beabout 


6 times ( -6.1) more sensitive than 
21 
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human skin. According to these results the 
relative radiosensitivity of human skin and 
Drosophila eggs is quite different for roent- 
gen rays and gamma rays. For the present 
we need not discuss the significance of this 
finding. By this concrete example we wish 
to illustrate the general method of attack, 
indicating in particular how the final re- 
sult may be obtained without the necessity 
of physical measurements of dosage. 

That the information obtained by fol- 
lowing the experimental plan outlined 
above is what is needed to decide the ques- 


tion of the relative therapeutic efficacy of 


roentgen rays and gamma rays is evident 
from the following considerations. In can- 
cer therapy the chief difficulty is encoun- 
tered in the treatment of deep-seated tu- 
mors. In such cases the treatment of the 
tumor by roentgen rays or radium packs 
necessitates the irradiation of normal tis- 
sues as well. Accordingly the relative radio- 
sensitivity of tumor and normal tissues is 
really the controlling factor which de- 
termines whether the treatment by ex- 
ternal irradiation will be successful or not. 
If the tumor is much more resistant than 
the surrounding normal tissues, it is im- 
possible to destroy it (by external irradia- 
tion) without seriously damaging some nor- 
mal tissues. Tumors which are more sensi- 
tive than the surrounding normal tissues 
may be treated successfully, at least theo- 
retically. If now the relative radiosensi- 
tivity of tumor and normal tissues is differ- 
ent for roentgen rays and gamma rays, 
then one of these qualities of radiation is 
therapeutically more effective for treating 
the tumor under consideration. For in- 
stance, if a tumor should react to roentgen 
rays and gamma rays in the same way that 
Drosophila eggs do in the example given 
above, gamma rays would be much to be 
preferred for the treatment of such a tu- 
mor. It will be recalled that Drosophila eggs 
were found to be 6 times more sensitive 
than the human skin when both were ir- 
radiated with gamma rays, whereas in the 
case of roentgen rays they were only 1.3 
times more sensitive, 
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In order to obtain information of this 
sort, of direct practical application, it 
would be necessary to determine the radio- 
sensitivity of many types of tumor, in 
different locations, and many normal tis- 
sues, under the conditions which obtain in 
radiation therapy. While this is not im- 
possible, it is a very difficult problem which 
will require many years of painstaking 
clinical and laboratory work. For this 
reason it 1s important to determine first of 
all whether there 1s any well-founded basis 
for supposing that the relative radio- 
sensitivity of any two tissues is or is not 
different for roentgen rays and gamma 
rays. Essentially the problem is to deter- 
mine the influence, if any, of wave-length 
per se on the radiosensitivity ratio for any 
two tissues. 

Certain well-established physical phe- 
nomena lead to the conclusion that the 
radiosensitivity ratio should be independ- 
ent of the wave-length, and therefore most 
physicists are of this opinion. On the other 
hand, there are also some known facts 
which at least make possible the existence 
of a wave-length effect on the radiosensi- 
tivity ratio. Furthermore, our knowledge 
of the interaction between radiation and 
matter—especially living matter —is by no 
means sufficiently complete to enable us to 
settle the question by a priori reasoning. 
Hence it is necessary to investigate the 
problem experimentally. 

Since the point under consideration is 
whether or not the wave-length influences 
the radiosensitivity ratio in general, it 1s 
evident that negative experimental results 
do not furnish the proper answer. That is, 
if the sensitivity ratio for two given tissues 
is found to be independent of the wave- 
length, it does not necessarily follow that 
such would be the case for avy other two 
tissues. It is to be expected that for some 
tissues the sensitivity ratio will be inde- 
pendent of the wave-length. On the other 
hand, if an unequivocal wave-length de- 
pendence is found experimentally in the 
case of two given tissues, it will be defi- 
nitely established that the dependence of 
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the sensitivity ratio on wave-length, i7 
general, is not only possible but probable. 
It is evident that in either case the expert- 
mental test must be made with as many 
pairs of tissues or test objects as are found 
suitable for such quantitative studies. For 
this reason, the work in our laboratory has 
been carried out with several biological test 
objects. In addition, several chemical and 
physical test objects have been used in the 
hope that the information thus obtained 
might be useful in the interpretation of the 
biological findings. With these ideas in 
mind we shall now attempt to correlate 
all the experimental data obtained so far. 
Obviously the correlation might be made 
in many different ways. We have selected 
one mode of approach which, while some- 
what indirect, serves to emphasize certain 
practical considerations. It is as follows: 
Suppose that we have had available for 
many years roentgen rays produced at 165 
to 200 kv. and that we have studied cer- 
tain physical, chemical, biological, and 
therapeutic effects, which they are capable 
of producing. We then acquire an appara- 
tus which generates roentgen rays at 7 
kv., and 4 grams of radium in a “pack.” 
We wish to use these new sources of radia- 
tion for the treatment of patients, and we 
wish to avoid or shorten the long period 
of empirical clinical experimentation which 
was necessary with the first source of roent- 
gen rays at our disposal. 

Possessing an ionization instrument which 
can be calibrated in roentgens with 200 kv. 
roentgen rays, we naturally use this to de- 
termine the intensity of the 700 kv. roent- 
gen beam and of the radium pack radiation. 
We find that, under the normal operating 
conditions of the high voltage tube, the 
intensity of radiation thus measured 1s 25 r 
per minute at so cm. from the target. Simi- 
larly, for the pack we find that the gamma- 
ray intensity is 9.5 r per minute at 6 cm. 
from the radiating surface. These measure- 
ments having been made with a small 
spherical celluloid chamber (referred to as 
“H”’ in Part 1, q.v.) we decide to repeat 
the measurements using a comparable alu- 


minum chamber (“B”’ of Part 1) also cali- 
brated in roentgens with 200 kv. roentgen 
rays. We now find that the same two 
beams of 700 kv. roentgen rays and gamma 
rays appear to have, respectively, intensi- 
ties of 10 r per minute at so cm. and 2.9r 
per minute at 6 cm. Accordingly we find 
that the intensity of gamma rays at 6 cm. 


from the radium is (25 -) 3.3. times 
larger when measured with the celluloid 
chamber than it is when measured with the 
aluminum chamber. Obviously the con- 
clusion is that the calibration in roentgens 
with 200 kv. roentgen rays does not hold 
for gamma rays or 700 kv. roentgen rays in 
the case of one of the chambers or in the 
case of both. For the present, at least, it 1s 
preferable not to assume that the celluloid 
chamber can be used to measure gamma 
rays in roentgens.* (The aluminum cham- 
ber is, of course, out of the question.) Ac- 
cordingly we cannot say that we have 
measured the intensity of our 700 kv. 
roentgen beam and the radium pack emis- 
sion in roentgens per minute. But for our 
present purposes we may use the expres- 
sion equivalent roentgens per minute, al- 
ways bearing in mind the basis on which 
the equivalence was established. 
Proceeding further with our hypothetical 
mode of approach, we decide to test the 
new sources of radiation by a chemical 
method. Experiments in which Eder’s solu- 
tion was exposed to 200 kv. roentgen rays 
under certain definite conditions have 
shown that the precipitation of 1 mg. of 
mercury (in the form of mercurous chlo- 
ride) per 5 c.c. of solution requires 330 r of 
radiation (see Part 11). Since both 700 kv. 
roentgen rays and gamma rays are capable 
of producing the same chemical change, it 
is possible to calibrate by this reaction the 
“new” sources of radiation in equivalent 
roentgens per minute the equivalence in 
this case being based on the relative ability 
of 200 kv., and 700 kv. roentgen rays, and 
gamma rays to precipitate mercurous chlo- 


* There is indirect evidence which might warrant this as- 
sumption, 6 
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ride out of Eder’s solution under specified 
conditions. The results of such determina- 
tions are 15.7 equivalent r per minute for 
the 700 kv. roentgen source at $0 cm. and 
4.6 equivalent r per minute for the radium 
pack at 6 cm. distance. As one might well 
expect in view of the materials used, the 
results obtained so far are not in good 
agreement. 

After all, the avowed aim of our experi- 
ments with the new sources of radiation is 
to calibrate them for therapeutic use. 
Therapeutic effects are brought about by 
biological reactions. Therefore we decided 
to make our tests with living materials. 
Having heard a great deal about the use of 
Drosophila eggs for calibration purposes, 
as advocated by Dr. Francis Carter Wood, 
we decided to make the next tests with this 
material. By such experiments (as de- 
scribed in Part 111) we find that the 
equivalent roentgens per minute of the 700 
kv. roentgen source at 50 cm. and the ra- 
dium pack at 6 cm., are 29 and 15 respec- 
tively. But, being somewhat skeptical of 
broad generalizations based on long range 
extrapolations, we conclude that it 1s neces- 
sary after all, to calibrate the new sources 
of radiation by the skin erythema reaction. 
The results of these tests (described in 
Part v) give 17 equivalent r per minute at 
so cm. for the 700 kv. roentgen source, and 
2.8 equivalent r per minute for the radium 
pack at 6 cm. These figures are entirely 
different from those obtained with Dro- 
sophila eggs. 

Without pursuing further this mode of 
presentation, we give in Table 1 the results 
of all the tests made so far, and we shall at- 
tempt to bring out their significance. The 
values obtained by exposing photographic 
films with and without intensifying screens 
are apt to be influenced by a number of 
extraneous causes, due principally to the 
long distances from the radiating sources 
at which the determinations had to be 
made. Accordingly they may not represent 
very closely the equivalent intensities of 
the two beams of radiation at the distances 
which have been taken as standard, and at 
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which most of the tests were made. For 
this reason, these figures have been en- 
closed in parentheses. They have no very 
direct bearing on the problem under dis- 
cussion. However, they bring out an im- 
portant point which must be borne in mind 
when the photographic method is used to 
determine the exposure of radium or roent- 
gen-ray workers. It will be seen from the 
table that films calibrated by ordinary high 
voltage roentgen rays give an indication 
of the intensity of gamma rays, which is 
about one-tenth of that measured by a cel- 
luloid ionization chamber. If intensifying 
screens are used, the discrepancy is about 
50 fold. 

The results of the biological tests made 
with wheat seedlings, Drosophila eggs, and 
mouse tails, are not very discordant among 
themselves. Consequently the radiosensi- 
tivity ratios for these biological materials, 
as used in our experiments, do not vary 
greatly when the quality of radiation is 
changed from that of ordinary roentgen 
rays to that of gamma rays. While the 
differences (ranging from 10 to 40 per cent) 
may be significant, or at least indicative, 
we shall assume for the present that they 
are not. Accordingly we may conclude that 
the dependence of the radiosensitivity ratio 
on wave-length is not definitely established 
by these experiments. Similarly we may 
conclude that, on the whole, there is a 
fairly close connection between ionization, 
as measured by the celluloid chamber, and 
certain biological effects produced in these 
three test objects. But this does not per- 
mit us to make the generalization that 
there must also be the same relation be- 
tween ionization and all biological ettects 
produced in all living materials. Because, if 
this conclusion is correct, then the pro- 
duction of erythema on the human skin 
should bear the same relation to ionization 
in a celluloid chamber. Our skin erythema 
tests have shown definitely that this is not 
the case. 

Now, we realize that “erythema’’ is 
anathema to many radiologists, and that 
the general belief is that no “‘accurate” 
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determinations can be made by using this 
as a biological indicator. Naturally a great 
deal depends on what degree of accuracy is 
demanded, and on the method of investiga- 


ition adopted. During the last twelve years 


we have made literally thousands of skin 
tests with radium and roentgen rays, and 
we have developed a method which, while 
very laborious, gives consistent and repro- 
ducible results. (This is described in Part \ 
and several previous publications.) If a 
reasonably large number of patients is 
used for the tests, the results are reliable 
within +10 per cent. But from the figures 
of Table 1 it will be seen that the dis 
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our erythema values are in error by 50 per 
cent, it is not possible to obtain an agree- 
ment between ionization in the celluloid 
chamber and erythema reaction over the 
range of wave-lengths covered by 200 kv. 
roentgen rays and gamma rays. The figures 
in the table are based on 500 to $50 r (in- 
cluding back-scattering) as the amount of 
filtered 200 kv. roentgen radiation required 
to produce the threshold erythema on the 
forearm of the average patient; and on 
12,000 to 13,000 mg-hr. administered to 
the same region with a radium-skin dis- 
tance of 6 cm. It will be conceded by all 
those who have had experience with these 


TABLE I 


RADIATION OUTPUTS OF THE 7 KV. ROENTGEN TUBE AT 


“EQUIVALENT ROENTGENS PER 


Test Object Material 


SO CM. AND THE RADIUM PACK AT 6 CM. EXPRESSED IN 


MINUTE, BASED ON DIFFERENT EFFECTS 


700 kv., § mm. Gamma Rays 
Cu, Half- 2 mm. Pb, 
Value Layer—1.1 Half-Value Layer 
mm. Pb 8.2 mm. Pb. 


tect 


Equivalent Equivalent 


r/min. r/min. 
Spherical ionization Ce'luloid o.2 mm. thick} Tonization 25 9.5 
chamber, 42 Cm. 
diameter \luminum lonization I 2.9 
Eder’s solution Ppt. HgCl 4.6 
lodides in acid solution, Klin Liberation iodine 2 
N H.SO, 8.6 
Photographic film alone Darkening (4 (1) 
kKilm with intensifving screens Darkening (<) (0.2) 
Wheat seedlings Reduction of linear 29 it <2 
growth 
Dro iphila eggs Killing 29 
Mouse tails \mputation, 
epilation 9 
Human skin Erythema 17 2.8 


crepancy between the ionization measure 

ments and the erythema determinations 
with the radium pack is 100x-— 


340 per cent. Hence, even assuming that 


two types of radiation that the above 
figures are substantially correct. 

Nor can the 340 per cent discrepancy be 
attributed to the difference in the duration 
of irradiation when roentgen rays and 
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gamma rays are used. Preliminary tests 
made several years ago indicated that the 
dose of roentgen rays required to produce 
the threshold erythema is substantially the 
same whether the time of administration 
is ten to twelve minutes, or one hour. 
(These tests would have detected differ- 
ences greater than 20 percent.) The longest 
irradiation used in the skin tests with the 
radium pack was a little over three hours, 
so that it is difficult to see how the time 
factor could possibly introduce an error of 
340 per cent. The time factor is not in- 
volved at all in the experiments made with 
wheat seedlings and Drosophila eggs be- 
cause the intensities of the three qualities 
of radiation were purposely adjusted to 
give the same biological effect in very 
nearly the same time of exposure. 

It is contended by Wood, and others, 
that skin erythema is the integrated result 
of a great many complex biological re- 
actions. Furthermore, when a part of the 
human body is irradiated, the scattering of 
radiation by the tissues introduces addi- 
tional complications. All this is perfectly 
true, but it in no way explains the dis- 
crepancy between the Drosophila egg ex- 
periments and the skin erythema deter- 
minations, as the following analysis will 
show. Packard’s very careful experiments 
in which Drosophila eggs have been irra- 
diated “‘in air” with roentgen rays of dif- 
ferent wave-lengths, show that there is a 
direct relation between air ionization and 
the lethal effect of roentgen rays on the 
eggs, irrespective of the wave-length, within 
wide limits.* This result per se is of no im- 
portance at all, because no one is particu- 
larly interested in killing flies with roent- 
gen rays, and the calibration of roentgen 
machines can be made much more readily 
by the use of ionization instruments. 
Packard’s experiment, however, assumes 
very great importance if the results are to 
be interpreted to mean that the wave- 
length independence found for Drosophila 
eggs applies also to all biological effects, 
and, in particular, to the radiation effects 
produced in the tissues of the human body, 
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both normal and pathological. Such a gen- 
eralization, however, would make skin ery- 
thema also independent of the wave-length 
because: (1) No matter how complex a 
biological phenomenon skin erythema is, it 
must be reducible to a number (however 
large) of “‘simple” biological reactions; (2) 
if each “‘simple”’ reaction is independent of 
the wave-length, then the complex reaction 
made up of these component parts cannot 
possibly depend on the wave-length. But, 
of course, we have not considered the in- 
fluence of the scattered radiation. So far as 
we know at present, the only relevant 
difference which scattering introduces in 
this problem is a change in wave-length. 
This change in wave-length obviously can- 
not have any influence on the component 
simple reactions if they are independent of 
wave-length, and therefore it cannot have 
any influence on the erythema reaction. 
Accordingly, the indisputable difference in 
behavior between Drosophila eggs and hu- 
man skin, with regard to wave-length, im- 
plies either that (1) at least some biologi- 
cal effects (whether simple or complex) de- 
pend on the wave-length, or that (2) scat- 
tering introduces some hitherto undis- 
covered factors.* The simple admixture of 
scattered radiation to the primary beam 
does not play an appreciable part in the 
effects produced on Drosophila eggs or 
wheat seedlings. Packard has shown, for 
instance, that the percentage of roentgen 
radiation scattered back by a_ block of 
paraffin is not very different whether it is 
measured by a small ionization chamber or 
by its lethal effect on Drosophila eggs.’ Our 
first experiments with wheat seedlings and 
Drosophila eggs were made with the ma- 
terials supported in air, and directly over a 
tank of water, using both roentgen and 
gamma rays. The ratios obtained were es- 
sentially the same. Hence, if scattering is 
responsible for the wave-length dependence 
of skin erythema, it is not simply because it 


introduces radiation of different wave- 
lengths. 
* Of course both of these alternatives are possible simul 


taneously. 
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Let us now examine the question from 
the radiotherapeutic aspect. What bearing 
have these experiments performed with 
Drosophila eggs and tiny pieces of tumor 
tissue irradiated on the problems 
of radiation therapy? Here we are always 
dealing with masses of tissue in which 
there is always considerable scattering. If 
scattering is so fatal to the wave-length in- 
dependence of the biological effects of roent- 
gen rays, as it is in the case of skin ery- 
thema, it must also make the effects pro- 
duced on other human tissues depend on 
wave-length. Hence the results of experi- 
ments made with animal tumors irradiated 
in small pieces outside the body, purporting 
to show that the independence of wave- 


length exists also in the lethal action of 


roentgen rays on tumor cells, are of no 
practical significance. 

Granting that scattering is responsible 
for the deviation of the erythema reaction 
from the “‘law”’ of wave-length independ- 
ence, 1t follows that the magnitude of the 
deviation must depend in some way on the 


amount of scattering. In the treatment of 


deep-seated tumors by roentgen rays, the 
radiation traverses first some normal tis- 
sues before reaching the tumor. Hence the 
scattering in these normal tissues (includ- 
ing the skin) 1s always different from that 
which takes place in the tumor. Further- 
more, this difference 1n scattering depends 
on the wave-length of the radiation used. 
Accordingly, it follows that (1) the magni- 
tude of the deviation from the law of wave- 
length independence is different for normal 
and tumor tissues as they are necessarily ir- 
radiated in practice, and (2) this difference 
depends on the quality of radiation used 
(and probably on other factors). Thus it is 
evident that the existence id a wave- 
length differential action of radiation in 
cancer therapy, which 1s stoutly denied by 
many, is made possible by the very phe- 
nomenon which they invoke to account for 
the “peculiarities” of skin erythema. 

It should be noted that the differential 
action just discussed is brought about sup- 
posedly by differences in scattering which 
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are dependent on the relative positions of 
normal and cancer tissues (and other fac- 
tors). It is not, according to this view, an 
intrinsic property of the tissues themselves. 
The results of Packard’s and Wood’s ex- 
periments with Drosophila eggs and animal 
tumors show that within certain wave- 
length limits there is no true differential 
action in this case. Our results obtained 
under similar conditions, using wheat seed- 
lings, Drosophila eggs, and mouse tails, 
and extending the range of wave-lengths to 
gamma rays, do not give evidence of a very 
marked true differential action. On the 
other hand, if it can be shown definitely 
that the “anomalous” behavior of skin 
erythema is not due to the scattering phe- 
nomenon, the existence of a true differ- 
ential action with regard to wave-length is 
well established. For, as already brought 
out in the example given at the beginning 
of this paper, the radiosensitivity ratio be- 
tween human skin and Drosophila eggs ob- 
tained with gamma rays 1s very different 
from that obtained with ordinary roentgen 
rays (6.1 and 1.3 respectively). If a similar 
dependence on wave-length should obtain 
for the radiosensitivity ratios between nor- 
mal and pathological tissues, the quality of 
the radiation used in radiation therapy 
would play an important part in the clini- 
cal results obtained. 

As a matter of fact, there can be little 
doubt now about the influence of wave- 
length per se in the practical therapeutic 
application of radiation. We have pointed 
out in the preceding paragr raphs that the 
marked difference in behavior with regard 
to wave length, between human skin as 
ordinarily irradiated and other living tis- 
sues, leads to the inevitable conclusion 
that the relative radiosensitivity of at least 
some living tissues varies with the quality 
of the radiation used. The same final con- 
clusion is reached whether we account for 
our experimental results on the basis of a 
true differential effect or we attribute the 
anomalous behavior of human skin to the 
scattering process. That a similar differ- 
ential action obtains in the case of normal 
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and pathological tissues in the human body 
is further substantiated by clinical observa- 
tions. According to the experience of radi- 
ologists who have used ordinary roentgen 
rays and radium packs extensively, the 
differential action of radiation favors the 
use of gamma rays. Taken in conjunction 
with our experiments, this means that the 
(real or apparent) radiosensitivities of nor- 
mal and tumor tissues irradiated in the 
human body become more widely sepa- 
rated as the wave-length decreases from 
that of ordinary roentgen rays to that of 
gamma rays. Our experiments show that 
the action of 700 kv. roentgen rays is in- 
termediate between that of 200 kv. roent- 
gen rays and that of gamma rays. Hence 
better clinical results should be obtained 
with roentgen rays of higher voltages than 
are commonly employed at present. In 
fact, the aim should be to build machines 
capable of producing “artificial” gamma 
rays. The clinical impressions obtained at 
the hospital so far substantiate these re- 
sults (see Part v1). 

The existence of a differential action of 
radiation with respect to wave-length has 
been denied in the past, largely on theo- 
retical grounds. It has been argued that if 
biological effects depend on ionization, 
what difference does it make whether the 
ionization is produced by short or long 
wave-length radiation? We wish to point 
out in this connection certain phenomena 
which may very well have a bearing on the 
problem, and which have not been con- 
sidered before (so far as we know) in dis- 
cussions of this subject. It is an essential 
requisite for all ionization measurements 
that a voltage high enough to produce 
saturation must be applied to the ioniza- 
tion chamber. Accordingly in such meas- 
urements all (or substantially all) the ions 
produced in the chamber or between the 
collecting electrodes are utilized, since re- 
combination is effectively prevented. It has 
been shown by the experiments of Millikan,’ 
of Compton, Bennett, and Stearns,' and of 
Sievert,'’ that when the pressure of the gas 
in the chamber is raised to 30 atmospheres 
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or higher, recombination of the ions (pro- 
duced by gamma rays) 1s facilitated to 
such an extent as to make it almost im- 
possible to obtain saturation. The same 
effect is noted at atmospheric pressure 
when the ionization is produced by alpha 
rays.* Here the ions are crowded along the 
path of the rays and recombination jis 
greatly facilitated. It follows from these ex- 
perimental facts that the probability of ion 
recombination in a liquid must be much 
higher than it is in a gas at ordinary pres- 
sure. Furthermore, the rate of recombina- 
tion must depend on the ion concentration 
along the path of the ionizing particles. 
Since the ionizing particles produced by 
roentgen rays of different wave-lengths 
have different speeds and produce ditfer- 
ent ion concentrations per centimeter, it 
follows that the rate of recombination must 
depend on the wave-length. 

The influence which the rate of recom- 
bination has on the chemical effects pro- 
duced by ionizing radiations is not known. 
In particular, it is not known whether all 
the ions produced or only those which sur- 
vive for a certain time (however short) 
are responsible for the observed chemical 
changes. Lind, in his excellent monograph 
on “The Chemical Effects of Alpha Par- 
ticles,” presents experimental evidence to 
show that the number of molecules taking 
part in a chemical reaction brought about 
by ionizing radiations may be several times 
larger than the number of ions actually pro- 
duced in the medium. He accounts for this 
on the ‘cluster’ hypothesis, whereby an 
ion which is attached to a cluster of mole- 
cules favors the change of some or all of 
these molecules instead of only one. Ac- 
cordingly it is possible, and even probable, 
that some of the ions recombine and take 
no part in the chemical action, while others 
influence a number of molecules in their 
immediate vicinity. Since, as we have seen, 
the rate of recombination depends on the 
wave-length of the primary ionizing agent, 
the magnitude of the chemical change for 
the same number of ions initially produced 


* This has been known for many years 
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must also depend on the wave-length. The 
number of ions initially produced, there- 
fore, is not necessarily a measure of the 
resultant chemical change when radiation 
of ditferent wave-lengths is used. The ex- 
tension of these considerations to the bio- 
logical action of radiation is obvious. Thus 
the existence of a biological differential 
action with respect to wave-length does not 
necessarily contradict accepted physical 
and chemical concepts. 

It is probable that the results of the 
chemical experiments reported at this sym- 
posium, and others w hich have’ been 
planned, will throw considerable light on 
the subject just discussed. Time has not 
permitted a careful analysis of the data 
from this point of view. It is evident, how- 
ever, that the reactions depend on some- 
thing more than the actual ionization pro- 
duced in the solutions. 

In conclusion, | wish to Say that the co- 
operative work presented at this sym- 
posium has been very stimulating to all of 
us. New lines of attack have suggested 
themselves and a large program for further 
study has been formulated. The whole- 
hearted cooperation of my collaborators 
has made possible whatever success we 
have had so far, and | am glad to express 
my indebtedness to them. 

[ also take pleasure in thanking Dr. 
Coolidge and the officers of the General 
Electric Company for the opportunity of 
working with 700 kv. roentgen rays, which 
was made possible to us through their 
generosity and kind consideration. 


SUMMARY 


The results of the experimental work car- 
ried out with 165 to 200 kv. roentgen rays, 
kv. roentgen rays, and gamma rays, 
presented at this symposium, are discussed 
chiefly from the point of view of their ap 
plicability to radiation therapy. 

It is shown that the experiments with 
wheat Drosophila eggs, and 
mouse tails, taken by themselves, do not 
establish the existence of a differential ac- 
tion of radiation with respect to wave- 


seedlings, 
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length. However, the generalization that 
there is no such differential action is not 
warranted. 

The difference in the behavior of these 
biological materials and a small spherical 
ionization chamber with thin celluloid walls 
is small and probably not significant con- 
sidering the probable error of such biologi- 
cal determinations. Accordingly it may be 
said that a fairly direct relation exists be- 
tween ionization in this chamber and the 
biological effects studied in the three ma- 
terials employed over a range of wave 
lengths covered by 200 kv. roentgen rays 
and gamma rays. 

The experiments on skin erythema show 
definitely that there is a very marked dif- 
ference (300 to 400 per cent) between this 
reaction and either the ionization chamber 
readings or the biological reactions studied 
when the quality of radiation is varied 
from that of 200 kv. roentgen rays to that 
of gamma rays. 

This result, which cannot possibly be at- 
tributed to experimental errors, may be ac- 
counted for on two bases: (1) Either it is 
due to a true differential action of radiation 
for human skin as compared to the other 
biological test objects, or (2) it is due to 
the scattering of radiation by body tissues. 

If the first conclusion is correct, then it 
is reasonable to expect a true differential 
action to exist also in the case of normal 
and pathological tissues in the human body. 

If the second conclusion 1s correct, it fol- 
lows logically that an apparent differential 
action must exist in the case of normal and 
pathological tissues in the human body as 
ordinarily irradiated with external sources. 

In either case the practical result is that 
quality of radiation per se very probably 
plays an important part in radiation ther- 
apy. 

The clinical impressions of those who 
have had much experience with the use of 
roentgen rays and gamma rays makes this 
probability almost a certainty. 

The experiments with 700 kv. roentgen 
rays show that the behavior of this quality 
of radiation is intermediate between that 


— 
3 
7 
) 
e 
e 
a 
e da 
is 
) 
n 
n 
S. 
is | 
It 
st 
n. 
r. 
t) 
al 7 
to ; 
1g 
ut 
es 
1S 
an 
le- 

ot 
le, 
ke 
TS 
he 
nt, 
for 
“ed 


362 


of 200 kv. roentgen rays and gamma rays. 
Hence better clinical results may be ex- 
pected from the use of very high voltage 
roentgen rays on two grounds: (1) Because 
of greater depth doses obtainable, and (2) 
because of the very probable greater dif- 
ferential action on the tissues of the hu- 
man body, whether direct or indirect. 
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Certain physical and chemical phe- 
nomena bearing on the theoretical con- 
siderations of a differential action of radia- 
tion with respect to wave-length are dis- 
cussed. It is shown that the existence of 
such differential action is not in contradic- 
tion to accepted physical and chemical 
concepts. 
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DISCUSSION OF SYMPOSIUM ON THE RELATIVE EFFECTS PRODUCED BY 200 KV. 


ROENTGEN RAYS, 7OO KV. ROENTGEN RAYS, AND GAMMA RAYS 


Dr. C. C. Lirrie, Bar Harbor, Maine. (Dis- 
cussion of biological problems.) I am sure that 
we all appreciate what it means to undertake 
to report on such a comprehensive cooperative 
piece of work as the Memorial Hospital group 
has just given us the pleasure of hearing. All 
that I have to say from the point of view of one 
biologist is not aimed at the work which they 
have reported on, but is simply to try to point 
out some of the factors which enter into this 
extremely complex matter of using biological 
material with which to test these physical units. 

There is no question that biological material 
reacts in different ways to different wave- 
lengths. I think that has been shown very 
clearly. The question then is whether we can 
refine biological material to a point where the 
nature of that difference can be more clearly 
defined than it is at present. It seems to me 
that first of all in any of this work it is ex- 
tremely important to be perfectly sure that you 
are working with what might be called a pure 
line of biological material. | am sure that the 
workers of the Memorial Hospital group have 
done that. As I say, this is not directed toward 


them but is talking about the situation in 
general. 

If one took 50 mouse tails at random, for ex- 
ample, it would be surprising to know the 
tremendous potentiality for variations which 
those 50 mouse tails would have. In the first 
place, they would vary according to race. Cer- 
tain races of mice have longer tails which grow 
faster and more vigorously than others. They 
would vary in number of vertebrae; they would 
vary in proportionate length of the different 
vertebrae in the tail, and some of them in cer- 
tain races would even have areas of spontaneous 
necrosis leading to spontaneous amputation. It 
is clear, therefore, that unless careful control is 
kept of the mouse tails with which you work 
the fact that they all look like perfectly good 
mouse tails may turn out to be a snare and a 
delusion. The same principle applies to most, 
if not all, morphological and physiological char- 
acters in mammals. 

There is the question of the use of averages to 
denote differences. Those are properly used, 
and have been used in the papers which you 
have listened to today. There is a phase of 
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them, however, that is of very great interest. 
That is the degree of variability around the 
average which is presented to us as the criterion 
of difference. For example, in the spontaneous 
incidence of mammary cancer in mice, it is 
possible to have two strains of mice unrelated 
to one another 
spontaneous 


which the average age of 
cancer incidence is at 
months (of the age of the mouse). These two 
strains may however show very different vari- 
ation curves, so that one of them groups from 
the seventh to the twelfth month as the ex- 
tremes of age at which cancer can appear, while 


eleven 


another, with exactly the same average age of 
cancer, may show its earliest cancer at three 
and one-half months and run up to nineteen 
months. If you are using averages it will be of 
great interest to see the full results of such 
work as we have here today and of other ex- 
periments, which I am 
in terms of the 


sure will follow, ex- 
variability from the 
mean (the average which is given), as the index 
of ditference. 


pressed 


We would probably be able to detect biologi 
cal characters which were much more suitable 
for us than others because of compactness, 
closeness of variability, 
their standard deviations from the mean. 

I think it would be extremely interesting to 


study the effects of these agents on seedlings of 


a single, pure line of wheat, for example, while 
those seedlings were being made to do some 
work. kor seedling so 
that it had to compensate in growth, to see to 
what extent that would 


instance, turning the 


modify the results that 
you get with a seedling in a given and fixed 
position. You might get an interesting line on 
the nature of the difference of the effect by 
making the organism which you are testing do 
some physiological work and then comparing it 
with the control which was more or less idle. 

I am also wondering whether it wouldn’t be 
interesting—I suppose it has been done and | 


shall probably simply show my own lack of 


comprehension of it by suggesting it—to work 


on a cyclic phenomenon, such as the estrual 


cycle, to measure some of these effects. One of 


the troubles with biological material is that 
natural selection has made it extremely com- 


pact. It has condensed the greatest amount of 


efficiency into the smallest working unit that 
it can to fulfill the required needs. Sometimes, 
however, natural selection has preserved a 
process which has an effect on the biological 


700 kv. 


and the smallness of 
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unit that you are studying such as a stere- 
opticon does in enlarging objects which we wish 
to see. The estrual cycle,or some such phenome- 
non, pulls out the physiology of a process to a 
convenient length. The age of cancer incidence 
is a very comfortable thing to watch because 
it is a process pulled out over a sufficient length 
of time so that variations expressed in percent- 
ages of the phenomenon are actually larger. As 
a result our stupid statistical eyes can see them 
more clearly than they can differences in com- 
pact, fast-working processes. 

It seems to me that work of this type which 
the Memorial Hospital group has reported to- 
day is an extremely encouraging thing, and 
that that very difficult no man’s land between 
biological experimentation and clinical applica- 
tion of these principles, which are so important, 
is in a very fair way to being bridged by efforts 
of this group. I think they are very greatly to be 
congratulated, and I am sure you all feel the 
same way. 

Dr. Orro Grasser, Cleveland, Ohio. (Dis- 
cussion of physical problems.) When I was 
asked to discuss these papers, I accepted the 
invitation with great pleasure, the more so 
since, strange as it may seem, we physicists 
now agree on most of the problems under dis- 
cussion. While looking at the interesting scien- 
tific exhibits this morning, I was asked by a 
number of my friends what I thought about the 
new super high voltage roentgen rays. Some 
radiologists seem to feel that they give great 
promise as a new therapeutic agent, and others 
deny that they have any practical value. I am 
frank to say that I do not know, since I have 
not had the opportunity to work with roentgen 
rays produced by more than 200,000 volts. I 
have done some work in measuring the quan- 
tity and quality of roentgen rays produced with 
200 kv., and also of gamma rays of radium, but 
it would be difficult to interpolate in order to ob- 
tain data for roentgen rays produced with 
higher voltages. I feel that those who have in- 
stalled and are working with the new high volt- 
age apparatus are pioneers and we must wait 
for their reports to answer our questions. Today 
we have heard one such report which is ex- 
cellent. 

I should like to say a few words in regard to 
the physical methods of measuring radiation 
intensity by means of small ionization cham- 
bers. Mrs. Quimby has shown that there is a 
difference between the relative intensities meas- 
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ured by ionization chambers constructed of 
different materials. It seems to me that small 
metal chambers are not suitable for making 
these measurements. We should use exclusively 
small chambers of the air-wall type and of a 
given wall thickness. Mrs. Quimby has shown 
in the table that they are very satisfactory for 
measuring radiation intensities and that the 
ionization current produced runs parallel with 
that produced in a large open air ionization 
chamber over an extended range of wave- 
lengths. 

In this connection, | wonder whether we are 
not now entitled to go a step further. It is 
necessary to extend intensity measurements be- 
yond the range of rays produced at 200 kv., up 
to 700 or even 1000 kv., and thence to gamma 
rays of radium. Several years ago it was shown 
that probably this will be possible only by using 
the small air-wall ionization chamber with some 
kind of measuring instrument similar to the 
condenser dosimeter. 

The observations of Mrs. Quimby, and of 
other workers, have confirmed these results and 
hence | should like to suggest measuring radia- 
tion intensities over this whole range in a unit 
which we may call the r (gamma) unit, by using 
the small chamber with a wall thickness of 1 
millimeter. I feel that this r-unit is the same as 
that defined internationally but since it is not 
yet possible for extremely hard rays, to measure 
with an open air ionization chamber, it is not 
justifiable that it be designated as the roentgen 
(r) unit, but it had better be called the r 
(gamma) unit. If at a later date, it develops 
that corrections are necessary, these can be 
made easily if the method of measurement is 
always stated definitely. 


The values for scattering and back-scatter- 
ing, as presented in the tables, again show how 
difficult it is to measure satisfactorily the vari- 
ous types of radiation. No doubt, according to 
the Compton effect, the wave-length of scat- 
tered rays is increased and hence it is difficult 
to measure the total intensity, for instance in 
the depth, unless there is absolute certainty 
that the ionization chamber is entirely inde- 
pendent of the wave-length. Still it is possible 
that the wall of the chamber absorbs the softest 
scattered rays and that, for this reason, these 
are not registered. It would be interesting to 
measure radiation intensities by biological or 
chemical methods, not only at the surface, as 
shown in several of these papers, but also in the 
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depth of a water phantom. This would permit 
the softest rays to be registered and I am quite 
sure that the results obtained, for instance for 
the percentage deep dose, would not quite agree 
with the present data which have been ob- 
tained by means of ionization chambers. 

Regarding the iodine reaction which was 
used as a method of measuring radiation in- 
tensity, I should like to ask whether there is not 
some peculiar effect inherent in this reaction. | 
remember that some years ago Glocker used the 
same reaction for roentgen-ray measurements 
and found that the chemical reaction continued 
even after the influence of the roentgen rays 
was removed. 

I have worked with Drosophila eggs for some 
time, experimenting with roentgen rays _pro- 
duced at 200 kv. and with gamma rays of ra- 
dium. I have not found exactly the same ditfer- 
ence for various wave-lengths that Dr. Hen- 
shaw has reported, but as a whole, our results 
agree quite well. Dr. Failla has stated that if he 
compares skin reactions with doses determined 
with a small ionization chamber, he finds that a 
much higher dose, as measured in roentgens, is 
necessary for radium rays than for roentgen 
rays in order to produce the same ettect upon 
the human skin. This agrees very well with my 
experience, and also with that of Mayneord of 
London. From this effect on the skin, however, 
it would be extremely difficult to draw any con- 
clusions in regard to the reaction of other types 
of tissues to various wave-lengths. This is one 
of the important points brought out by Dr. 
Kailla and his coworkers. 

Dr. Henry Scuairz, Chicago. (Discussion 
of clinical problems.) With rays produced by 
soo kv. or more, direct absorption is reduced to 
a minimum and indirect absorption by scatter- 
ing becomes all important. The distribution of 
intensities in the depth differs depending on 
direct or indirect absorption. Hence the biologi- 
cal effect may differ. 

Scattered rays are formed when rays im- 
pinge upon matter. If the matter is crystalline 
then the primary ray remains unmodified. If 
the matter is non-crystalline then the primary 
ray is modified. The primary ray loses kinetic 
energy by the recoil and the emerging ray has a 
longer wave-length. This is the Compton effect. 
If the body traversed by the rays has an ap- 
preciable volume as a water phantom or the 
human body, then the Compton effect is not a 
single phenomenon but recurs repeatedly wher- 
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ever striking matter. Each time energy is given 
of which is transformed into an electron when 
becoming absorbed, and each time the wave- 
length becomes correspondingly longer until 
the primary ray is completely absorbed. 

Rajewsky has determined the degree of ab- 
sorption due to the Compton effect and found 
it equal to one Compton scatter in bodies not 
more than 2 cm. deep but equal to three or four 
times the single Compton scatter if 10 or more 
centimeters deep. It appears therefore desirable 
to use extremely hard radiations in deep ther- 
apy as with a decrease in wave-length an in- 
crease in scattering occurs and scattered rays 
are absorbed in the depth of tissues. 

Rajewsky also determined the region where 
scattering reached maximum. The depth of the 
maximum absorption curve (M.A.c.) depends on 
the wave-length, the size of field of entrance, 
the focus skin distance and the filter. 

If the wave-length corresponds to roentgen 
rays produced at the following voltages with a 
focus skin distance of 50 to 60 cm. and with a 
size of field 20 cm.” then at 


I kv. the M.A.c. 1s 2.5 cm. deep 
200 kv. the M.a.c. 1s §.5 cm. deep 
> kv. the M.a.c. is 8.5 cm. deep 
I kv. the M.A.c. Is 14.0Cm. deep 
2 kv. the M.A.c. 1s about 1g.0cm. deep 


Kor filtered and unfiltered radiations with 
200 kv. and no filter or 1.0 mm. copper plus 
1.0 mm. aluminum filter maximum absorption 
occurred at 3 and 6 cm. respectively and the in- 
tensities were 8 and 20 per cent of the surface 
dose. 

If the entrance fields were 10 and 20 cm.” and 
the other factors remained constant then maxi- 
mum absorption occurred at 4 and 6 cm. re- 
spectively and the intensities were 17 and 22 
per cent of the surface dose. 

If the focus skin distance was 40 and 60 cm. 
and the other factors remained constant then 
the maximum absorption occurred at about 
6cm. but the intensities were 22 and 3o per cent 
of the surface intensity. 

The maximum absorption curve may be 
plotted against the intensities and the resulting 
graph is a straight line. 

Glasser, and others, have found that the 
number of roentgens to produce a skin ery 
thema dose varies with the quality of radiation 
used. More roentgens are necessary as wave- 
lengths decrease beyond ) eff. 0.217 1.e., 130 kv. 
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For gamma rays it is about 2000 r and for 200 
kv. goo r with back-scattering. These observa- 
tions run parallel to the direct relations existing 
between the maximum absorption curve and 


effective wave-lengths and if r-values are 


plotted against wave-length and maximum ab- 
sorption layer probably a straight line is ob- 
tained enabling one to read off the r-values for 
skin erythema doses for varying wave-lengths. 

Perusal of the doses given by Dr. McNattin 
may be expressed in values of r if such a linear 
graph is used and the following results are ob- 
tained: 


Tissue Doses at 


Skin Doses 4cm. Depth 


Radiation 
200 kv. 8. 4800 6.0 3600 
700 kv. ae 4240 Py 3760 


Gamma rays with 
1ocm. F.S.D. 


te 

x 
( 


.7 | 3400 


The reactions with 200 kv. were almost pro- 
hibitive as tissue tolerance was over-reached; 
with 700 kv. they were less severe and more 
bearable, and with gamma rays least severe and 
rapidly healing with the least latent effect. 
Resorption of growth was complete with 700 
kv. and gamma rays. 

The symposium given by the Memorial Hos- 
pital presents a turning point in cancer radia- 
tion therapy. It is a big step in advance and 
will bring us nearer to the control of cancer. 
In the future the depth of the tumor mass will 
be determined. The radiation will then be 
chosen having the maximum absorption layer 
at this depth and hence maximum absorption 
of the Compton scatter. 

Dr. Doucias Quick, New York City. (Dis- 
cussion of clinical problems.) I must apol- 
ogize for my inability to be present personally 
at this symposium, and I am taking the liberty 
of asking our chairman to read the few remarks 
which I have prepared. 

My discussion is limited to the clinical phase 
of the presentation. The laboratory papers, 
however, would of necessity have some bearing 
on this so that I trust I may be pardoned if 
certain points, which I may mention, are cov- 
ered by these papers. 

| have not had the opportunity of going over 
the paper which is to be read by Dr. Duffy. I 
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have reviewed Dr. McNattin’s paper, and my 
discussion will, therefore, be limited to it. 


While the symposium deals in a comparative 


way with the relative effects of three ranges of 


wave-length, the high point of practical inter- 
est centers around the 700 kv. radiation. Dr. 


MeNattin has presented a very frank report of 


what has been done with these various quali- 
ties of radiation at the institution with which 
he is associated. Admittedly, however, the 
paper does not present a complete clinical pic- 
‘ture of the comparison of three different quali- 
ties of radiation. It is only a preliminary report. 
A great deal more of clinical work—work of a 
different character than that already done 
will be necessary before a conclusive compari- 
son may reasonably be made. The information 
derived from such work is sorely needed. I be- 
lieve, however, that those of us who have had 
experience with 200 kv. roentgen rays and with 
the radium pack will agree with the impressions 
which Dr. McNattin has expressed. 

His physical calculations on the three quali- 
ties of radiation, with gamma rays charted for 
varying distances and expressed in ratios of rel- 
ative clinical efficiency are very clearly set 
forth. They are not only most interesting, but 
highly instructive. They are in keeping with the 
rather empirical observations made on 200 kv. 
roentgen radiation and gamma rays over a 
period of years. They fit very closely with the 
biological experiments of Failla and Henshaw. 
There is no reason to suppose that 700 kv. 
roentgen radiation is, from a clinical stand- 
point, anything but intermediate. The practical 
point with most of us is just where in the scale 
does it fit between the 200 kv. roentgen radia- 
tion and the gamma rays from the radium ele- 
ment pack. Since the clinical experience to date 


has fallen in line with the experimental work of 


Failla and Henshaw, it would seem only reason- 
able to place 7oo kv. roentgen radiation in 
clinical value where it has been placed by 
biological experiment. Even though no con- 
clusive data are as yet available, this quality of 
radiation seems sufficiently assured to be clini- 
cally advantageous if it can be made practical, 
technically and economically. 

The radium element pack is indispensable as 
a comparative guide and standard in a com- 
pletely equipped radium institute. For routine 
clinical work, however, it is economically im- 
practical. It is a stimulus toward the produc- 
tion of that which we hope is being afforded us 


Failla 
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in the 700 kv. equipment. While this equipment 
is being studied further experimentally, and 
improved from an engineering standpoint, we 
must not lose sight of the vast amount of im- 
provement which may be made through the 
better application of our present day 200 ky, 
roentgen radiation. I refer to the clinical im- 
provement which may reasonably be expected 
through a better understanding of such factors 
as increases in filter, focal distance, and time of 
exposure, as well as in the various possible 
methods of fractionating the individual doses. 
A vast amount of work in this direction remains 
as yet largely untouched. 

It occurs to me that the comparative picture 
might be somewhat simplified and rendered 
strictly more accurate if the 200 kv., 700 kv., 
and gamma radiation were referred to in terms 
of average or effective wave-lengths. The 200 
kv. roentgen radiation referred to in this paper 
is that filtered by 0.5 mm. of copper plus a sec- 
ondary aluminum filter. If this filter were in- 
creased, as many of us believe to be advantage- 
ous, 1t would appreciably change the effective 
wave-length, and yet it is still 200 kv. 
radiation. 

I regret that Dr. McNattin has not inter- 
posed in his paper something of the relative 
effects observed histologically on different types 
of tissue irradiated by the different qualities of 
radiation which he has employed. I hope that 
something has been presented in the experi- 
mental papers to indicate the relative change 
in the quality of the three types of radiation 
under discussion on passing through tissue. 
Judging from the work presented by Mrs. 
Quimby and Dr. McNattin in the August, 1932, 
American Journal of Roentgenology and Radium 
Therapy, it would seem reasonable to expect 
that there would be less change in the quality 
with 700 kv. roentgen rays than with 200 kv. 
roentgen rays. This, it would seem, would rep- 
resent a clinical advantage in favor of the 
higher voltage radiation. 

Dr. McNattin has given us an excellent clini- 
cal picture of the primary reactions, both local 
and general, to the various qualities of radia- 
tion, and at varying intervals after treatment. 
His reference to the difference in late skin 
changes between 200 kv. roentgen radiation 
and gamma radiation is especially worthy of 
emphasis. 

His statement concerning the mild local and 
constitutional reactions to 700 kv. radiation is 
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apt to be confusing. The quantities employed 
with this quality of radiation are not quite 
comparable to those used in either the lower 
voltage radiation or with the gamma-ray doses 
referred to. 

The data which he has presented on the use 
of the 4-gram pack at 6, 10, and 15 cm. is ex- 
tremely interesting. Indirectly it lends sub- 
stantial support toward increasing the time of 
exposure and raises the question as to whether 
the skin erythemas and relative absorption per- 
centages as governing factors represent the 
final answer to actual clinical efficiency. There 
is a point beyond which the clinical results ob- 
tained through the use of greater distances, in- 
creased filter, and prolongation of time, are not 
in keeping with that which would be regarded 
as the dosage of maximum efficiency from a 
strictly physical standpoint. 

Dr. McNattin has made suggestions as to 
how a comprehensive clinical experiment might 
be carried out in a comparative way. Such a 
piece of work is much needed as a guide to the 
smaller clinics, as well as to individuals engaged 
in cancer practice. We may hope, therefore, 
that in the near future we shall be favored with 
the results of a more extensive clinical research, 
comparable in its detail and accuracy with that 
which we are already receiving from the biologi- 
cal and physical laboratories. 

Dr. FE. T. Leppy, Rochester, Minn. I have 
been greatly interested in the discussion by 
members of the staff of the Memorial Hospital 
of the ultra high voltage treatment of carci- 
noma and have been impressed by their reports. 
I am frank to admit that I do not know what it 
is all about; therefore what I say should not be 
interpreted as either for or against the use of 
this type of radiation. 

My daily experience is with patients suffering 
from cancer in whom cure is out of the question. 
Kor this reason, I prefer to speak of palliation 
and not of cure. I think it is proper to talk 
about epilating the skin, about producing radio- 
dermatitis of varying degree, about upsets from 
treatment of varying degrees of severity, but I 
think that in many cases the surgical or radio- 
logical procedures can be justified only by such 
Improvement in prognosis as the patient may 
deriy eC. 


I do not feel that we have exhausted the 
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possibilities of roentgen-ray treatment as now 
used. Moreover, in view of the fact that the 
use of rays of extremely short wave-length is 
still largely experimental, we must not allow 
ourselves to be stampeded in our natural de- 
sire for progress and go into ultra high voltage 
treatment until the leaders of research in this 
field, such as the Memorial Hospital, have fur- 
nished indisputable evidence that such a step 
is not only justifiable but definitely indicated. 

Dr. Faitxa (closing). Perhaps I might add a 
word to what Dr. Glasser said about the de- 
sirability of expressing quantities of radiation 
throughout this range in some unit that we all 
can use. I think that is very desirable but it de- 
pends upon the unanimous agreement that we 
shall measure radiation of these different quali- 
ties in a certain way. It is always difficult to get 
a unanimous agreement on anything, and for 
that reason, at the present time it is really im- 
possible to adopt any one measuring chamber 
for this purpose. Furthermore, we are planning 
experiments which I hope will decide the ques- 
tion as to whether with the small chamber we 
are measuring roentgens or are measuring some- 
thing else when we go to 700,000 volt roentgen 
rays and gamma rays. Naturally, in the mean- 
time I am rather reluctant to adopt any par- 
ticular scheme. 

The important point, as I have mentioned a 
great many times before this Society and other 
societies, is that we must not expect the same 
number of roentgens to produce the same bio- 
logical effect, when the quality of the radiation 
is very different. This is, perhaps, another rea- 
son for not attempting at the present moment 
to express gamma-ray and 700 kv. doses in 
terms of the roentgen. The impression might 
be created that the same number of roentgens 
of gamma rays or 700 kv. roentgen rays will 
produce the same biological effect. That cer- 
tainly is not true in the case of human skin, as 
Dr. Glasser pointed out some years ago, and as 
we have shown today. Whether it is true in the 
case of tumors is something we do not yet know. 
It seems to me that the best thing to do is to 
emphasize this difference, and to bear in mind 
that for the present it is best not to express 
gamma-ray quantities in terms of the same unit 
that we use for roentgen rays produced at 
200,000 volts. 
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ROENTGEN DIAGNOSIS AND LOCALIZATION OF 
OPAQUE FOREIGN BODIES IN THE AIR 
PASSAGES* 


By WILLIS F. MANGES, M.D. 
PHILADELPHIA, PENNSYLVANIA 


CLINICAL diagnosis of foreign body 
in the air passages depends upon the 
history of the accident and the presence of 
physical signs of irritation, obstruction, or 
of exudate in various portions of the air 
passages. In adults, the history is usually 
clear and the nature of the foreign body is 
definitely known, so that even a duplicate 
can be furnished. In children, this is often 
not the case. The child has a choking and 
strangling attack while playing on the floor 
or elsewhere and may or may not be within 
sight of an older person, but the history of 
sudden attack should be sufficient to lead 
one to suspect the aspiration of a foreign 
body. The initial strangling attack is usu- 
ally followed by recurrent attacks of cough- 
ing but there soon develops a period of 
calm,described by Jackson, which leads par- 
ents, as well as physicians, to believe that 
the foreign body has been expelled or to 
forget the importance of considering the 
original attack due to foreign body. The 
coughing attacks recur, however, and they 
are associated with more or less febrile re- 
action so that there develops a clinical diag- 
nosis of anything from bronchitis to pneu- 
monia or lung abscess. It is remarkable 
that such patients, especially children, are 
permitted to go for months and even years 
without a roentgen examination. In many 
of our cases it is the parents who insist 
upon this examination rather than the 
physician in charge. For example, a child 
about six years of age had a coin in the 
trachea for three years. He was treated con- 
stantly for chronic bronchitis, broncho- 
pneumonia, asthma, and other pulmonary 
lesions. The foreign body was discovered 
only after the parents insisted upon a 
roentgen examination. 
The list of this type of unsuspected for- 


eign bodies of long sojourn is quite a long 
one. In the absence of a history of the acci- 
dent, foreign bodies should be suspected 
when there are recurrent attacks of illness 
associated with the respiratory tract. Jack- 
son insists that every child with a cough 
should be roentgenographed. As a rule, the 
clinician who has given the matter serious 
study can differentiate between the physi- 
cal signs and symptoms of foreign body and 
those of other lung diseases, but, taken asa 
whole, the medical profession is not edu- 
cated to the point of being able, by means 
of physical signs and symptoms, to make 
a diagnosis of foreign body in the air pas- 
sages in the absence of positive history. 
There is a tendency for most physicians to 
believe that foreign bodies are “‘swallowed” 
and not “‘aspirated.’’ As a matter of fact, 
the accident of swallowing a foreign body 
is more frequent than that of aspirating it, 
and it is true that a definite percentage of 
the foreign bodies swallowed pass on 
through the alimentary tract; but all of the 
foreign bodies that enter the respiratory 
tract remain there, with the exception of 
possibly 2 or 3 per cent that are expelled 
spontaneously by the coughing effort. A 
diagnosis, then, from a clinical point of 
view is in many instances unsatisfactory 
and unreliable. 


ROENTGEN DIAGNOSIS 


The first and most important considera- 
tion is the quality of the roentgenogram 
that should be depended upon to demon- 
strate the presence of a foreign body or 
eliminate its possibility. The roentgeno- 
grams should show clearly the outline of 
the larynx, the trachea and its bifurcation, 
both in the anteroposterior and _ lateral 
views. This demands that exposures be 


* Read at the Thirty-first Annual Meeting, American Roentgen Ray Society, West Baden, Ind., Sept. 23-26, 1930. 
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made in a small fraction of a second, es- 
pecially in young children, when one can- 
not gain the cooperation of the patient. If 
there is sufficient penetration to demon- 


localization of Opaque Foreign Bodies 369 


ily be responsible for overlooking a foreign 
body in such areas. It is often necessary to 
repeat the exposures many times before 
getting entirely satisfactory results. 


Kic. 2. The tack is in the floor of the mouth on the left side. It was supposed to have been swallowed. 


strate these parts, there will also be sufh- 
cient penetration to reveal the presence of 
a metallic foreign body back of the heart, 
below the level of the dome of the dia- 
phragm, or ina moderately dense patholog- 


ic process; but less penetration may read- 


The next most important consideration 
is the area to be included in the examina- 
tion (Figs. 1 and 2). One should include all 
of the air passages from the nasal chambers 
to the depth of the lungs and even the en- 
tire alimentary tract because it may be 
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that a foreign body has been swallowed in- 
stead of aspirated and it may be in the 
abdomen instead of in the chest. A study 
for foreign body is not complete unless all 
of these areas have been included. One 
should also keep in mind the possibility of 
more than one foreign body being present 
(Fig. 3). 

When the foreign body is of sufficient 
size and density to cast a dense shadow, 
‘comparatively little search is required, but 
when the foreign body is of less density it 
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seen patients who had had a previous nega- 
tive roentgen diagnosis from films in which 
I could recognize positive shadows of foreign 
bodies. One is particularly prone to over- 
look the shadow of a root of tooth or of a 
fragment of bone or of some material that 
has comparatively little density above that 
of the surrounding tissue, unless he has it 
constantly in mind as a probable cause of 
the disease present. 

Some years ago it was my pleasure to 
present the subject of non-opaque foreign 


Fic. 3. This shows two fragments of dental filling material. 


may be necessary to make extremely care- 
ful search of the shadows within the chest 
before the foreign body can be definitely 
recognized. | know of a case in which a 
portion of a crown of a tooth that gave a 
very positive shadow in a film was over- 
looked because it was thought to be only 
one of a number of partly calcified root 
glands. The foreign body shadow was pos- 
itive but the detail of shape was over- 
looked. Then I have seen cases in which 
the diagnosis of foreign body was made from 
shadows of calcareous deposits in the lung 
tissue or lymph nodes with non-opaque for- 
eign bodies elsewhere. I have repeatedly 


bodies in the air passages and to demor- 
strate that their presence was determined 
by the alteration in function or the degree 
of bronchial obstruction they produce —ob- 
struction either to air or to exudate or both 
(Fig. 4). Opaque foreign bodies under cer- 
tain conditions produce these same changes 
and it frequently happens that we find a 
foreign body shadow after noting changes 
in aeration or drainage involving a local- 
ized portion of lung. 

We have had a number of foreign bodies, 
portions of which were metallic while other 
parts were non-opaque (Fig. 5). This is 
true of shoe buttons and certain other but- 


} 
. — 
= 
| | j 
i 


Vor. XXIX, No. 3 


tons and certain toys. The metallic part 
may be very small and so one must search 
carefully. 

By far the greater majority of foreign 
bodies, of the opaque variety particularly, 
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care (Fig. 6). I have called attention to 
this region in a former paper. A localized 
infectious process, especially in the inner 
posterior portion of either lower lobe, 
should be looked upon as of foreign body 


Fic. 4. 4. A .22 caliber empty cartridge produces obstruction to expiration. Note overdistention of left lung. 


B. A .38 caliber bullet produces complete obstruction of the left main bronchus. Note complete collapse 


of the left lung. C. The foreign body is large enough to produce obstruction but it does not for the reason 
that it is a piece of lead pipe which permits free passage of air. 


Fic. 5. A shoe button produces complete obstruction of the left bronchus. The metal portion is very small; 


the rest of the button is non-opaque. 


are found in the lower lobe bronchi, if they 
pass through the trachea. They go as far 
toward the dependent portion of the lung 
as the lumen of the bronchus will permit, 
and, after long sojourn, may go even far- 
ther by way of the processes of ulceration 


and destruction of tissue, so that the lower 


lobe areas must be searched with special 


origin until proof is obtained that there is 
not a foreign body present. We have a num- 
ber of cases in which foreign body was not 
suspected, some of them of the opaque and 
some of the non-opaque variety, and in the 
latter instances there was this evidence of 
a localized pathologic process in the de- 
pendent portion of a lower lobe, from which 
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“a ig y of long sojourn. 


Fic. 7. Note that the point branch of the safety pin has penetrated the posterior wall of the larynx; the 


keeper has passed through the larynx and is in the subglottic area. It is directly in the median line 
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a foreign body—perhaps only a small piece 
of grass or a small fragment of bone—was 
found by means of the bronchoscope. In 
one case a foreign body as large as a shawl 
pin was present, and the patient, an adult, 
had had no idea that she had aspirated a 
foreign body. In another instance a child 
was supposed to have eaten a bite of apple 
and choked on it. It was thought that the 
apple would dissolve. Several months later, 
after the child had been treated for bron- 
chopneumonia and asthma, I made a diag- 
nosis of non-opaque foreign body in a lower 
lobe bronchus, and a portion of apple stem 
was removed. This illustrates another im- 
portant point, and that is that a roentgen- 
ologist even with excellent roentgenograms 
may overlook a diagnosis of foreign body 
unless he has it constantly in mind as one 
of the causes of localized pulmonary infec- 


tion, and as the most probable cause of 


such conditions in the dependent portions 
of the lower lobes, when it 1s unilateral. 

A roentgen diagnosis includes a careful 
description of the foreign body as to size, 
shape, condition, number, and distribution, 


and these points also are essential parts of 


the next step in the study—localization. 
The description of the opaque foreign body 
is of importance to the bronchoscopist be- 
cause on this description, as well as on the 
localization, he lays his plans for broncho- 
scopic removal (Fig. The size of the 
foreign body may determine the size of the 
bronchoscope to be used. The size and 
shape of the foreign body, as well as the dis- 


tribution of its parts, determine the type of 


forceps that is necessary for successful re- 
moval, so that these descriptions should be 
made carefully. If possible, one should ob- 
tain a duplicate of the foreign body that is 
present. 

Certain types of opaque foreign bodies 
require special consideration. For instance, 
staples have always been found with the 
closed end downward but some of them 
have been more or less bent out of their 
normal shape and they vary as to the man- 
ner in which they present—that is, the flat 
side may be forward or it may lie edgewise 
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anteroposteriorly or it may be in an oblique 
direction. One should by all means obtain 
a duplicate of the staple or the roentgeno- 
gram should be made at a distance of at 
least 36 inches so that one can, by measur- 
ing the shadow, get a definite idea as to the 
size of the foreign body. The patient must 
be roentgenographed in such a position as 
to show the maximum space between the 
points so that this 
curately (Fig. 8 
Tacks and nails are nearly always found 
with the heads projecting downward, but 
occasionally the tack head is uppermost. 
There is the greatest variation in the size 
and shape of the head and in the length of 
the shaft and the condition of the point 
(Fig. g). Screws, on the other hand, are 
usually found with the points downward, 
so that the size of the head of the screw be- 
comes a matter of real importance because 
it is the part that presents for forceps con- 
tact (Fig. 10). Common pins have a tend- 
ency to go to the most dependent portions 
of the lungs and they may finally go into 
any one of a large number of small bron- 
chial branches, so that they may be pro- 
jecting forward or backward; they may be 
to the inner side of the lobe or out near the 
axillary border of the lung, and they fre- 


can be measured ac- 


quently are found well below the level of 


the dome of the diaphragm. It is important 
in these instances to determine, if possible, 
the distance of the point of the pin from 
the lumen of the stem bronchus, and at ap- 
proximately what angle it is that the pin 
lies to the stem bronchus (Fig. 11). The 
common pin is always found with the head 
downward. 

The safety pin (Fig. 13) is the most vari- 
able of all foreign bodies. | believe that the 
safety pin is largely an American product— 
that is, that the safety pin is used far less 
frequently in other countries than it is in 
America. We find them in the air passages 
of children and adults, and they vary in 
size from the smallest to pins that are 2 or 
3 inches in length. We find them open or 
closed, and in every conceivable position 
and portion of the respiratory tract from 
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the nasopharynx to the lower lobe areas. 
They constitute about 12 per cent of all 
foreign bodies, including those of the ali- 
mentary tract as well as those of the air 
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downward, the xeeper branch being in the 
right lower lobe bronchus and the pointed 
branch in the upper lobe bronchus. They 
occur frequently with the open end down- 


Fic. 8. A staple. The oblique view is necessary to show the maximum spread of the points. 


passages. The majority of them are open, 
usually with the open end uppermost when 
in the air passages; but even in this loca- 
tion one of the largest safety pins in Jack- 
son’s collection was found with its open end 


ward in the esophagus, presenting this way 
because they have been regurgitated from 
the stomach. Also the pin may be swal- 
lowed or aspirated when closed and then 
open in the esophagus or bronchus. It is ex- 
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tremely important to try to obtain a dupli- 
cate of the open safety pin that is found 
in the air passages. They vary in size; they 
vary in the shape and opening of the 
keeper; they vary in the size of the spring, 
and some of them have small metal clamps 
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the proper angle of exposure to obtain this 
information should be determined by a 
very careful roentgenoscopic observation. 
There have been a number of instances 
in which there were multiple safety pins. 
In one case, two large closed safety pins 


\ screw 


1 


on the springs which make it difficult for 
certain types of forceps to grasp the spring; 
and there is a wide variation in the degree 
of rigidity of the entire pin. It is important 
to know whether there is any defect in the 
keeper, the point, or of either branch, that 
might interfere with closing the safety pin 
before removal. The extent of the opening 
of the pin must be measured carefully, and 


head uppermost. 


were linked together and lodged in the tra- 
chea. In the other multiple cases, the safety 
pins were in the esophagus. 

Kragments of toys and of jewelry, of ir- 
regular size and shape, require careful 
study and description because frequently 
they cannot be duplicated for external in- 
spection. 

Coins are most frequently found in the 


| 
j 
| Fic. g. A nail, head downward, in direct line with the lower lobe stem bronchus. - 
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alimentary tract but there have been a few 
cases of coins in the trachea and bronchi. 
Strangely enough, they have nearly all 
been cases of long sojourn—largely because 
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Generally speaking, localization of bron- 
chial foreign bodies for bronchoscopic re- 
moval is best accomplished by establishing 
the relation of the foreign body and its va- 


Fic. 11. A straight pin in the most anterior and external branch of the left lower lobe bronchus. The safety 


pin shown was in the clothing. 


KF ic. 12. Note the tack in an upper posterior branch of the left lower lobe bronchus. The point is well beyond 


the line of the stem bronchus. 


it was thought that the coin was swallowed 
rather than aspirated into the air passages. 
Pencil caps, empty shells, and other am- 
munition foreign bodies, present problems 
of interest to the bronchoscopist which 
sometimes can be predetermined by careful 
roentgenographic description. 


rious parts to the larynx, trachea, or bron- 
chial tree. In the larynx (Fig. 14) one can 
determine the level at which the foreign 
body is located and predetermine whether 
or not a pointed branch of the foreign body 
is imbedded in the soft tissues. Of the 
opaque foreign bodies, the safety pin is the 
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most common one that lodges for any 15). There have been a few exceptions to 
length of time in the larynx. In the trachea, this rule. In one instance, a shawl pin 
the size and shape of the foreign body de- lodged in the trachea just below the glot- 


Fic. 13. Large open safety pin. The point branch is in the right upper lobe bronchus; the keeper is in the 


continuation of the main bronchus. Note the bluntness of the point. This safety pin must have opened after 
being aspirated. 


Kic. 14. Open safety pin in the larynx. Present approximately 
+ 


nine months. Patient thought to have en- 
larged thymus. 


termine whether or not it will pass on into 
the bronchi, but, as a rule, a foreign body 
that can pass through the glottis can also 
reach the bifurcation of the trachea (Fig. 


tis because the point of the pin became im- 
bedded in the anterior tracheal wall, evi- 
dently from a violent coughing effort. 

As arule, foreign bodies in the trachea are 
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disposed with their flat sides presenting lat- 
erally, while in the esophagus the flat side is 
usually placed anteroposteriorly. But there 
are exceptions. Roentgenograms should be 
made in the anteroposterior and lateral 
views, and from as many other angles as 
are necessary to furnish a complete de- 
scription of the foreign body and its dis- 
tribution; but, with the anteroposterior 
and direct lateral views, one can deter- 
mine the relation between the foreign body 
and the trachea, the main bronchus, or the 
stem bronchus. If there remains any doubt 
as to the location of the foreign body above 


cope 
jeee 


Fic. 15. Open safety pin with the keeper in the larynx, 


the anterior wall just below the glottis. 


the level of the bifurcation of the trachea, 
the patient should be given a small quan- 
tity of bismuth mixture to drink toshow the 
relation between the esophagus and the 
foreign body (Fig. 16). Also, there are oc- 
casions when a small quantity of powdered 
bismuth subcarbonate insufHated into a 
bronchus through the bronchoscope will 
show a very definite relation between the 
foreign body and a particular bronchial 
branch, and also determine to some extent 
the degree of bronchial obstruction. 

The localization of an opaque foreign 
body in the absence of any other lung path- 
ology is a relatively simple mechanical or 
technical problem. The localization should 
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be made just prior to the bronchoscopy be- 
cause a definite percentage of bronchial 
foreign bodies shift from one bronchus to 
another or from one branch to another 
without creating any definite or increased 
disturbance. For instance, a tack localized 
in the right bronchus one afternoon was 
found to be in the opposite bronchus a few 
days later, just before bronchoscopy (Fig. 
17). | have seen foreign bodies shift from 
one location to another while watching the 
patient breathe under roentgenoscopic ob- 
servation, so that, if the bronchoscopic re- 
moval is to be made without the aid of the 


the spring in the trachea, and the point imbedded in 


double-plane roentgenoscope, localization 
should be made just prior to the bronchos- 
copy. 

After lung changes develop as a result of 
interference with drainage and infection, 
then the problems of localization are more 
difficult and it becomes a matter of deter- 
mining what particular portion of a lobe is 
involved in the pathologic process, in order 
that the bronchoscopist may know what 
preparation to make for bronchoscopic in- 
vestigation. As | have said before, most 
foreign bodies remain at the site of pri- 
mary impaction, at the point where they 
interfere with drainage, but they do at 
times finally become located in the extreme 


= | 
| | 
| 
| { 
| 
os 
| 
} 


Vor. XXIX, No. 3 Localization of Opaque Foreign Bodies 


a 


Fic. 16. A form of tin whistle—the flat side anteroposteriorly—usual presentation of esophageal foreign 


body. Note bismuth in esophagus, proving that foreign body is in the trachea just entering the right 
main bronchus. 


dependent portion of the lung because of 
destruction of the lung tissue and the gravi- 
tation of the foreign body. 


Opaque foreign bodies in dense patho- 
logic lesions are those that are most favor- 
able for double-plane roentgenoscopic guid- 
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Fic. 17. Shows a tack in the left main bronchus (above) and in the right main bronchus five days later. This 
localization was done just before removal. 


Kic. 18. A carpet tack imbedded in a completely collapsed lung. Collapse due to pneumothorax; pneumo- 
thorax due probably to puncture of interlobar pleura by the tack. 
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ance of the bronchoscopist in his efforts to 
remove the foreign body. Localization is 
thus accomplished roentgenoscopically at 
the time of the operation (ig. 18). 

Stereoscopic roentgenograms are at times 
valuable in helping one to discover the 
shadow of a foreign body that is lacking in 
density. I have, for instance, found roots 
of teeth on stereoscopic films that might 
have been difficult to find from a single ex- 
posure, but there is comparatively little 
value in the stereoscopic localization of a 
foreign body after it gets below the level 
of the bifurcation of the trachea. 

Jackson has repeatedly made the obser- 
vation that many of the metallic foreign 
bodies seem to have the property of pre- 
venting infection, and there have been a 
number that were present for a great many 
years without producing extensive damage. 
On the other hand, in one case, a shawl pin, 
present for thirty-five years, was found in 
the bottom of a very sharply walled off cav- 
ity which involved most of the lower lobe 
on the right side, and this cavity had gone 
through various stages of infection, granu- 
lation tissue development, fibrosis, and 
finally had become malignant. 

Jackson has made the further observa- 
tion that lung infections that result from 
foreign bodies (Fig. 1g) are much more 
amenable to treatment than lung infections 
caused in other ways, and he has shown 
that with few exceptions patients with rela- 
tively extensive lung infections have re- 
covered very satisfactorily after broncho- 
scopic removal of the foreign body with- 
out any other form of treatment; whereas 
lung abscesses or other varieties of infec- 
tion are extremely difficult to control by 
any form of treatment. When lung changes 
do take place, they are the result of inter- 
ference with drainage or of injury to the 
mucous membrane or the bronchial walls or 
of unsuccessful efforts at removal. In con- 
trast to metallic objects is the tooth frag- 
ment, such as a portion of a crown or a root 
of a tooth, which always causes infection, 
and usually early and fairly extensive in- 


fection (ig. 20). The foreign body that 
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by its size produces marked bronchial ob- 
struction is usually associated with more or 
less obstructive emphysema or with some 
degree of atelectasis or some degree of 
“drowned” lung. These conditions favor in- 
fection and ulceration. Strictures and bron- 
chiectasis are common results. It is re- 
markable how the infection remains local- 
ized, even in cases of long sojourn and of 
extensive localized destruction. Occasion- 
ally, a pointed foreign body, such asa tack, 


Kic. 1g. A small gold pin present in the lung approxi- 
mately eighteen years. There is relatively little 
pathologic change in the lung distal to the foreign 
body . 


staple, or pin, penetrates a bronchial wall 
and even an interlobar pleura, so that there 
have been a few cases of extensive pneumo- 
thorax or of pyopneumothorax as a result 
of such injury. In most of these extensive 
injuries, the patients have had previous 
bronchoscopic examinations so that it 1s 
difficult to determine whether the trauma 
is due to instrumentation or to the foreign 
body alone. 

The bronchoscopist sees the interior of 
the bronchial lumen and can readily de- 
termine the size of a stricture and the 
condition of the mucous membrane ad- 
jacent to it, and he has means whereby he 
can actually investigate the interior of cav- 
ities that are in direct line with the bron- 
choscope, but the roentgenogram is by all 
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means the best method of determining the 
extent of the pathologic process or the ex- 
tent of the complicating lesion. Occasion- 
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plete destruction of the lung tissue on that 
side. At the present time (more than ten 
years after removal of the foreign body), 


Fic. 20. Extensive amount of exudate in lung distal to a dental foreign body. Note the decrease in the amount 
of exudate immediately after removal and aspiration of pus. 


Fic. 21. Two views of a collar button present in the lung two years. There is complete destruction of the left 
lung. There remain only a large number of bronchiectatic cavities. 


ally extensive destruction of lung tissue fol- 
lows the presence of foreign body. Notably, 
a collar button in the left bronchus for 
only two years was responsible for com- 


there remains nothing of the left lung ex- 
cept a large number of bronchiectatic cavi- 
ties and fibrous tissue (lig. 21). 

It is extremely important to make ex- 


382 
382 
a | 
“ZW 


int 


eft 


VoL. XXIX, No. 3 Localization of Opaque Foreign Bodies 383 


cellent roentgenograms after removal of further accident but they come to be a 


the foreign body. They serve not only to very important part of the records of the 
protect the bronchoscopist in case of case. 
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THE INFERIOR ACCESSORY LOBE OF THE LUNG* 


By LEO G. RIGLER, M.D., and LESTER G. ERICKSEN, M.D. 


MINNEAPOLIS, MINNESOTA 


HILE the frequency of anomalous 

lobes of the lungs has been recognized 
by anatomists for many years, the roent- 
genological findings in such cases have re- 
ceived relatively little emphasis. The most 
striking example of this is the rediscovery 
in the roentgenogram of the azygos lobe of 
the right lung, although it had been well 
described anatomically long before. De- 
spite the rather infrequent occurrence of 
this extra lobe, it appears in less than 1 per 
cent of cases—a large literature concerning 
it has now accumulated. The fact that an 
accessory lobe may occur at the base of 
either lung, much more commonly than 
this, has been generally overlooked by 
roentgenologists. 

Graberger® has recently called attention 
to the roentgenological manifestations of 
the basal median lobe of the lung, an ac- 
cessory lobe occurring on either side, but 
it was first described by Rektorzik’ in 1861. 
It is therefore sometimes called the inferior 
accessory lobe of Rektorzik. It is well 
known to comparative anatomists that, 
almost without exception, a basal lung di- 
vision, often called the cardiac or retro- 
cardiac lobe, occurs on the right side in 
quadrupeds. The human inferior accessory 
lobe appears to develop from this heart 
lobe of animals and is supplied by the heart 
bronchus. When present on the left side it 
is supplied by the medial branch of the sec- 
ond anterior bronchus. 

Schattner,’ in 1898, examined 210 human 
lungs post-mortem, and found this lobe to 
be present, partially or entirely formed, on 
either the right or left sides, in 45.7 per cent 
of the lungs. 

The incidence in the 210 lungs was as fol- 
lows: 

Completely formed, right side, 15 times 

Completely formed, left side, 13 times 

Completely formed, bilateral, 3 times 


Partially formed, right side, 31 times 

Partially formed, left side, 37 times 

Partially formed, bilateral, 15 times 
The degree of formation varies from a com- 
pletely separated lobe to a mere suggestion 
of an interlobar fissure. If complete, the 
lobe will occupy from one-third to one-fifth 
of the inferior surface of the lower lobe and 
will have a fissure from 0.5 cm. to 0.2 cm. in 
depth surrounding it. The pleura dips into 
this fissure, and even though the fissure 
may close, the pleural reflexion often ex- 
tends completely to the hilus. If the lobe is 
only suggested, there may be only a slight 
indentation or puckering where the fissure 
should be, with the pleura extending to- 
ward the hilus a short distance as a fibrous 
line. Often there may be a fairly completely 
formed tongue of the lateral border which 
fuses with the under surface of the lower 
lobe as 1t extends medially and superiorly. 
Between these three types, there are, as has 
been said, all possible transitions. Figure | 
is a photograph of a fairly typical, well- 
formed inferior accessory lobe on the right 
side, found by Dr. R. Koucky at post- 
mortem examination of a young child in the 
University Hospital. 

The roentgenological manifestations of 
this lobe were not recognized until the re- 
cent work of Graberger who described the 
appearance which it produces in connection 
with the differential diagnosis of basal 
paramediastinal shadows. He reported 2 
cases from the Anatomical Institute at the 
University of Upsala and g cases in which 
the lobe was discovered in the roentgeno- 
gram. He described a fine, thread-like, 
dense line running from a small tent on the 
medial portion of the diaphragm, medially 
and upward toward the hilus of the lung. 
The line may be lost in the lung paren- 
chyma a short distance above the dia- 
phragm (Hig. 2). 


* From the Departments of Radiology of the University of Minnesota and the University Hospital, Minneapolis, Minnesota. 
Presented before the Minnesota Radiological Society, Feb. 13, 1932. 
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Fic. 1. Photograph of lung of infant removed at 
autopsy. The medial surface of the lung is shown. 
The inferior accessory lobe is shown near the in- 
ferior surface projecting like a tongue. The inter- 
lobar fissures of this lobe are indicated by arrows. 


Kic. 2. Roentgenogram of lower half of right lung 


demonstrating fine linear density extending from 


small diaphragmatic “‘tent’’ (arrow) upward and 
medially toward the hilus. This is the character 


istic appearance of the interlobar pleura of the 


inferior accessory lobe. 


Inferior Accessory Lobe of Lung 


iG. 3. Spontaneous pneumothorax, right, showing 
four lobes. Note the visualization of the inter- 
lobar fissures, the minor fissure being sealed. The 
main fissure is shown below that. Near the base 
the fissure between the lower lobe and the inferior 
accessory lobe is visualized. The latter is shown 
(arrows) as a tongue-shaped division with its 
point over the diaphragm. 


We have been fortunate enough to ob- 
serve this accessory lobe, clearly defined, in 
a case of pneumothorax. This was in a pa- 
tient in the Students Health Service of the 
University of Minnesota, who developed a 
bilateral spontaneous pneumothorax with 
complete collapse of the lung on the right 
side. Roentgenographic examination dur- 
ing the course of the recovery (Fig. 3) re- 
vealed four clearly defined lobes on the 
right side, one giving a small, triangular- 
shaped shadow at the base on the medi- 
astinal side. Our interest having been 
aroused by this finding, we have pursued 
the matter further. We have since suc- 
ceeded, with the cooperation of the Pathol- 
ogy Department, in demonstrating this 
lobe 3 times in 11 autopsies. We have also 
been able to demonstrate conclusively that 
the shadow described by Graberger, as 
shown in Figure 2, is actually due to the 
interlobar line of this basal median lobe. 

|.aurell' has repeatedly stated that the di- 
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Fic. 4a. Roentgenogram of right lung showing fine 
line at base representing interlobar fissure of in- 
ferior accessory lobe (arrow). 


aphragmatic “‘tents’’ which are so fre- 
quently observed are actually extensions 
from the diaphragm into the interlobar fis- 
sures. Rarely this can be clearly demon- 
strated by the observation of a dense line 
running from the diaphragmatic irregular- 
ity upward and laterally, taking the char- 
acteristic course of the main interlobar 
fissure. It is more difficult to explain those 
“tents” which occur in the medial third of 
the diaphragm unless their connection with 
the interlobar fissure of an inferior acces- 
sory lobe is assumed. Our observations 
have confirmed this theory advanced by 
Graberger, as we have been enabled in 2 
cases to examine the lung post-mortem, 
after observing this medial tent formation 
with the dense line extending upward and 
medially from it. In both cases this proved 
to be due to the interlobar fissure of an 
extra lobe. One such case is illustrated in 
Figure 4. 

To further demonstrate the correctness 
of this observation, we have made roent- 
genograms of the lung, illustrated in Figure 


Kic. 46. Photograph of lung from same case re- 
moved at autopsy. The medial surface of the lung 
is shown with the inferior accessory lobe in its in- 
ferior portion (arrows). The appearance is similar 
to that in Figure 1. 


46, after the interlobar fissures were all 
painted with a barium vaseline paste, or 
covered with lead foil, and the result is 
shown in Figure 5. This being the right 
lung, the usual two large fissures are well 
shown. In addition, in the posteroanterior 
view (Fig. sa), a third fissure is demon- 
strated extending from the inferior surface 
of the lower lobe inward and upward to- 
ward the lung hilus. This dense line has 
exactly the position and form of that de- 
scribed above (Figs. 2 and 4a) and indi- 
cates conclusively the origin of this shadow. 
The position of the fissure on the lateral 
aspect of the lung is shown in Figure sé. 
The interlobar pleura, when thickened or 
containing small quantities of fluid, will 
usually be clearly demonstrable on a roent- 
genogram if it is in such a position as to be 
struck somewhat tangentially by the rays. 
As a matter of fact, a normal interlobar fis- 
sure may produce a fine, hair-line shadow if 
the direction of the rays applied is such as 


— 
| L. G. Rigler and L. G. Ericksen 
— 
{ 


XXIX, No. 3 


to strike it in a completely tangential way. 
Thus, in normal individuals, the minor in- 
terlobar fissure on the right can frequently 
be seen in the posteroanterior roentgeno- 
gram, while the main fissure is occasionally 
seen in the lateral view. The interlobar fis- 
sure of the azygos lobe is seen more con- 
stantly, probably because of the large vein 
running through it. The interlobar fissure 
of the inferior accessory lobe has an almost 
straight anteroposterior direction. In an- 
teroposterior or posteroanterior exposures, 
therefore, it is very likely to be struck tan- 


lic. sa. Roentgenogram (retouched) in posteroan 
terior view of lung removed from body of same 
case as shown In Figure 4. Barium has been placed 
in the interlobar fissures. Note the position of the 
minor fissure above, the main fissure below, and 
the fissure (arrows) of the inferior accessory lobe 
which appears to cross the oblique fissure. Note 
the similarity in form and density to the roent- 
genograms shown in Figure 2 and Fig. 4a. 


Inferior Accessory Lobe of Lung 


Fic. 54. Same lung in lateral view. Lead foil has been 
placed in the interlobar fissures, and the antero- 
posterior direction of the fissure (arrows) of the 
inferior accessory lobe is well shown. 


gentially by the roentgen rays with a re- 
sultant visualization of the pleura in a very 
high percentage of the cases in which it 1s 
present, even though it is normal. 

If this interlobar pleura extends com- 
pletely up to the hilus, it will come into a 
more horizontal plane in its upper portion. 
This portion may therefore be struck tan- 
gentially in the lateral view and it may be 
possible to visualize it in roentgenograms 
made under these conditions. This would 
only be true if the lobe were completely 
formed and rather large. The shadow ob- 
served would be a line extending from the 
posterior margin of the lung anteriorly to 
meet the main interlobar fissure, and such 
a case is illustrated in Figure 6. While we 
have been unable to confirm definitely that 
this shadow is due to such a formation, it 
seems highly probable. 
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Fic. 6. Roentgenogram of lungs in right lateral view. 
A transverse fine linear shadow (arrows) can be 
seen extending from the posterior chest wall to 
meet the main interlobar fissure in front. This 
shadow is similar to that of the minor fissure ex- 
cept that the latter always lies anterior to the 
majn fissure. In this case an inferior accessory lobe 
could be clearly made out in the posteroanterior 
view and it seems probable that this is the lateral 
view of the fissure of a well-formed inferior acces- 
sory lobe. 


We have investigated an unselected 
group of roentgenograms of the chest with 
careful observation of the bases of both 
lungs to determine the presence of this 
unique shadow. In 500 cases, this interlobar 
line was clearly recognizable in 8.2 per cent. 
It was present 33 times on the right (as 
illustrated in Fig. 7), 5 times on the left (as 
illustrated in Fig. 8), and 3 times bilaterally 
(as illustrated in Fig. 9). When it is con- 
sidered that the line on the left is hidden 
effectively by the shadow of the heart, the 
discrepancy between these figures and 
those of Schaffner is readily understood. 
When it is further considered that many of 
the cases, no doubt, give no shadow be- 
cause the interlobar fissure is not well de- 
veloped, but simply suggested, because the 
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Kic. 7. Roentgenogram of chest showing typical ap 


pearance of large inferior accessory lobe on the 


left. Note the very fine hair-line shadow (arrows) 


extending from the diaphragmatic tent. This lobe 
was sufficiently large to carry the shadow of the 
fissure well beyond the heart shadow, thus making 
it visible. 


Fic. 8. Roentgenogram of chest showing typical ap 
pearance of large inferior accessory Jobe on the 
right side. Note interlobar pleural shadow of this 
lobe (arrows) which can be followed practically to 
the hilus indicating a rather well-formed lobe. 


L. G. Rigler and L. 
“x | 
a 
| 


ip- 
he 
his 

to 


Vol No. 


pleura is not thickened, and because the 
direction of the fissure may be such that it 
is not struck tangentially by the beam of 
roentgen rays, the discrepancy between the 
incidence of this lobe as demonstrated ana- 
tomically, and that as demonstrated roent- 
genologically can be well understood. In 
spite of these handicaps, this shadow 1s 
present in recognizable form at least eight 
times as frequently as that of the azygos 
lobe. In 2 cases, the interlobar fissure of 
both the azygos lobe and the inferior ac- 
cessory lobe was observed on the right side, 
thus indicating the presence of five lobes in 
the right lung (lig. 10). 

Aside from the interest in determining 
the cause and incidence of this shadow in 
roentgenograms of the lungs, the demon- 
stration of its presence is important in the 
differential diagnosis of basal paramedi- 
astinal shadows in general. The differenti- 
ation of this interlobar pleural shadow from 


Fic. g. Roentgenogram of chest showing bilateral in 
ferior accessory lobes The one on the right is well 
formed and very obvious (arrows). Note the di 
aphragmatic “‘tent’’ from which the interlobar 
pleura seems to arise. On the left the shadow of the 
interlobar pleura (arrows) can just be seen through 
the heart shadow, 


Inferior Accessory Lobe of Lung 


lic. 10. Roentgenogram of chest showing azygos 
lobe and inferior accessory lobe on the right side. 
There are, therefore, five lobes in the right lung. 
Note clear shadow of interlobar pleura (arrows), of 
azygos lobe at apex and of inferior accessory lobe 
(arrows) at base. The latter is shown only just 
above the diaphragm. 


other structures in this region, if the acces- 
sory lobe is normal, presents no great diffi- 
culties. Occasionally, a pneumothorax may 
occur in which the lung is separated from 
the diaphragm in such a way as to permit 
the mediastinal or diaphragmatic pleura to 
be visualized (Fig. 11). This may simulate 
the interlobar pleural shadow of this extra 
lobe, but a comparison of Figure 11 with 
‘igure 2, 1n which the shadow of the inter- 
lobar pleura is really present, reveals the 
distinction at once. Pleurodiaphragmatic 
and pericardio-diaphragmatic adhesions 
might also simulate it but the distinction 
is not difficult. 

A triangular-shaped shadow, with its 
apex at the cardiophrenic angle and its base 
extending from the hilus above to the mid- 
dle portion of the diaphragm below 1s oc- 
casionally met with in roentgenograms of 
the chest. Most frequently this is due to an 
encapsulated effusion in the mediastinal 
portion of the pleura (lig. 12), as reported 
by Sagel and Rigler,®° and many others. 
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Fic. 11. Roentgenogram of portion of right lung with 
pneumothorax. The lung is collapsed on its lateral 
and inferior surfaces so that the shadow of the 
diaphragmatic pleura can be visualized (arrows). 
This might readily simulate the interlobar pleura 
of an inferior accessory lobe. 


Atelectasis of a portion or the whole of the 
lower lobe, infiltration of the medial por- 
tion of the lower lobe such as occurs with 
tuberculosis, chronic pneumonitis, or bron- 
chiectasis, may also produce a similar shad- 
ow. As has been reported by Assmann,! 
Ettig,? and Graberger,’® consolidations or 
infiltrations of the accessory lobe must also 
be considered as a probable source of such 
a shadow. An illustrative case is shown in 
Figure 13. This patient had all the clinical 
signs of pneumonia with only the small 
consolidation in the right cardiophrenic an- 
gle demonstrable in the roentgenogram. 
The sharp outlines of this density suggest 
strongly that it is not simply a small patch 
in the lower lobe, but rather that it is a 
lobar consolidation involving a separate 
lobe in this region. Re-examination later re- 
vealed a complete disappearance of this 
shadow. Graberger reports 4 such cases, in 
all of which the distinction from an en- 
capsulated mediastinal pleural effusion was 
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made with difficulty. Ettig and Assmann 
also report similar cases which were dis- 
covered at autopsy. 

An opposite type of case is illustrated in 
igure 14. In this instance there were the 
typical clinical signs of lobar pneumonia, 
but the roentgen findings were distin- 
guished by the very sharp medial border of 
the shadow in the right lower lobe. Other- 
wise the appearance was characteristic of 
a right lower lobe pneumonia. The absence 
of any shadow in this medial angle is very 
unusual in lower lobe pneumonia, but may 
readily be explained by the presence of an 
accessory lobe, whose interlobar pleura 
limits sharply the medial border of the con- 
solidation, the accessory lobe itself remain- 
ing normal. A realization of this possibility 
may help in some cases to explain an un- 
usual distribution of the shadow of a lower 
lobe pneumonia. 

It seems probable that many cases in 
which a shadow is found in the region of 
the cardiophrenic angle and in which the 
lateral border is very sharp and straight, 
which have been diagnosed as localized 
bronchiectasis or unresolved pneumonia of 
the lower lobe, may in reality have been 


Kic. 12. Roentgenogram showing encapsulated medi- 
astino-interlobar effusion on right (arrows). This 
shadow corresponds well to the limits of the in- 
ferior accessory lobe and a consolidation of the 
latter might’give a similar finding. 
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infiltrations of this accessory lobe. The dif- 
ferential diagnosis of these conditions is 
likely to be difficult. Graberger® and Schén- 
feld® have dealt with it in great detail. The 
former believes that the curve of the outer 
border of the triangle will make the distinc- 
tion. A consolidated or infiltrated basal 
median accessory should have a 
straight border; an encapsulated medi- 
astinal pleural effusion should have a 
rounded border with the convexity directed 
outward; an atelectatic lower lobe or a fi- 
brous mediastinal pleurisy should have a 
rounded, concave, outer border. This dis- 
tinction may be helpful but certainly does 
not always apply. Examination in the lat- 
eral view may occasionally reveal the medi- 
astinal pleural fluid more clearly. Observa- 
tion with repeated examinations may be 
more helpful. Acute consolidation of the 
accessory lobe will clear up very rapidly as 
reported in the case illustrated in Figure 13, 
while the other conditions mentioned re- 
main for much longer periods of time. In 


lobe 


Kic. 13. Roentgenogram showing consolidation of 


small inferior accessory lobe on right (arrows). 
The patient had symptoms of pneumonia and this 
was the only shadow observed. This disappeared 
completely within=a short period of time. 


Inferior Accessory Lobe of Lung 


Kic. 14. Anteroposterior roentgenogram of right 
lower lung in a case of right lower lobe pneumonia 
without involvement of the inferior accessory lobe. 
Note the characteristic density of the lower lobe 
with its hazy upper border. The medial border 
(arrows) is very sharp and corresponds well to the 
position of the interlobar fissure between the 
lower lobe and the inferior accessory lobe. The 
latter is not involved in the pneumonic process 
and shows a normal air content. 


the case of atelectasis of the whole lower 
lobe the secondary effects such as retrac- 
tion of the heart, mediastinum, and dia- 
phragm are also helpful in making this dis- 
tinction. Paracentesis of the posterior me- 
diastinal space usually reveals fluid in the 
cases of encapsulated effusion, and may 
thus aid in the differentiation. Roentgen- 
oscopic and roentgenographic study in va- 
rious positions is often of great importance. 

Numerous other causes for a shadow in 
this region may occur. The inferior vena 
cava may give a very small shadow in the 
cardiophrenic angle but is easily recog- 
nized. The extension of the pericardium 
into this region is also diagnosed without 
difficulty. Paravertebral abscess, aneurysm 
of the descending aorta, paraesophageal 
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hernia of the stomach, esophageal dilata- 
tions, and mediastinal tumors can all be 
excluded with ease, if the roentgenologic 
features which distinguish each of these 
conditions are borne in mind. The exact 
appearance of the inferior accessory lobe, 
either in its normal state or when affected 
by some pathologic process, is sufficiently 
characteristic so that it may be easily rec- 
ognized after it has once been observed. Its 
_ presence must be strongly considered in the 
differential diagnosis of shadows in the me- 
dial portion of the base of the lung. 


SUMMARY AND CONCLUSIONS 


An accessory lobe at the base of either 
lung has previously been demonstrated an- 
atomically to be present, either partially or 
completely formed, in 45.6 per cent of 210 
lungs. This lobe is of variable size and de- 
velopment and represents a division of the 
lower lobe. 

In roentgenograms of normal lungs a fine 
linear shadow may occasionally be seen ex- 
tending from the medial portion of the di- 
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aphragm upward and medially toward the 
hilus of the lung. This represents the inter- 
lobar pleura of this inferior accessory lobe. 

In 500 unselected cases this shadow 
could be distinctly made out on either side 
or on both in 8.2 per cent. In two cases the 
azygos lobe and the inferior accessory lobe 
were both present in the right lung. 

Two cases presenting this shadow in the 
roentgenograms of the chest were observed 
later at autopsy and the presence of this 
extra lobe confirmed. The identity of the 
shadow observed with the interlobar pleura 
of the inferior accessory lobe was estab- 
lished by post-mortem roentgen studies of 
the lungs. 

Infiltration of this lobe may occur and a 
case of lobar pneumonia involving this lobe 
alone was observed. 

In the differential diagnosis of shadows 
in the base of either lung or near the medi- 
astinum, this extra lobe must be strongly 
considered. It may be very difficult to dis- 
tinguish encapsulated mediastinal pleural 
effusions from infiltrations of this lobe. 
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MULTIPLE TUMOR IMPLANTS IN THE VENTRICLES 
REVEALED BY VENTRICULOGRAPHY 


REPORT OF CASE 


By JAMES R. LEARMONTH, Cu.M., F.R.C.S. (Ed.), 


Section on Neurologic Surgery 


and 
JOHN D. CAMP, M.D., 


Section on Roentgenology 


THE MAYO CLINIC, ROCHESTER, MINNESOTA 


N THE case reported here we were able, 

although unfortunately only after ne- 
cropsy, to detect the presence of ventricu- 
lar tumor implants in the ventriculograms. 
As such implants are not uncommon, we 
hope that this report may draw attention 
to the possibility of diagnosing them, and 
so avoiding an unavailing major surgical 
procedure. 


The patient, a man, aged twenty-nine, came 
to The Mayo Clinic, April 12, 1932. Since De- 
cember, 1931, he had been out of sorts, with 
mild frontal headaches, tiredness, and giddi- 
ness. In January, 1932, the headaches and 
vomiting became severe, the vertigo was 
marked, and the gait staggering. At the same 
time vision began to fail. 

Except for incodrdination and _ staggering 
gait, objective neurologic signs were absent. 
The original roentgenograms of the skull re- 
vealed evidence of increased intracranial pres- 
sure, erosion of the anterior and_ posterior 
clinoid processes and thinning of the orbital 
plates of the frontal bone. These observations 
were not of definite localizing value. Vision 
was 6/20 In the right eve and 3/60 in the left; 
both optic discs were swollen to 6 diopters; per- 
imetry revealed bilateral cecocentral scotomas. 

As the ophthalmologic signs pointed to the 
presence of a prechiasmal lesion, whereas the 
clinical signs were cerebellar, ventriculography 
was performed for purposes of localization. The 
ventriculograms revealed internal hydroceph- 
alus and dilatation of the third ventricle. There 
was an obvious rounded filling defect in the 
Hoor of the third ventricle and a lobulated de- 
fect in the inferior portion of the anterior horn 


of each lateral ventricle. The unusual nature of 


the deformities was appreciated, but in an ef- 
tort to explain them on the basis of a single le- 
sion, a diagnosis was made of a basofrontal 


IDS 


tumor extending to and involving the floor of 
the third ventricle. 

On April 20 the chiasmal region was explored. 
No obvious tumor could be detected, and the 
operation was difficult because ventricular 
puncture was followed by brisk hemorrhage 
into the ventricle. Three days later the patient 
died. 

At necropsy a mass filling the fourth ventricle 
was found. This had extended upward through 


Kic. 1. Coronal sections through the brain, showing 
the lesion in the floor of the third ventricle and in 
the optic chiasm, and the pedunculated tumor im- 
plants on the walls of both lateral ventricles. 


the aqueduct of Sylvius, surrounded the pineal 
gland, and implanted itself in numerous areas 
in the floor of the third ventricle and in the 
walls of the lateral ventricles, which had a pa- 
pillomatous appearance. It had grown through 
the floor of the third ventricle and had sur- 
rounded and infiltrated the optic nerves and 
optic chiasm. There were also many implants 
on the surface of the brain. Microscopically, the 
tumor was a medulloblastoma. 
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When the ventriculograms were re- 
viewed in the light of the changes observed 
at necropsy the reason for the distribution 


Fic. 2. Ventriculogram in lateral position, showing 
shadows of tumor implants in lateral and third 
ventricles. 


and nature of the defects was readily ap- 
parent. The multiple tumor implants on 
the floor of the anterior horns and in the 
third ventricle had stood in relief against 
the. air-filled ventricles, producing the 
rounded and lobulated defects noted. In 
addition, rounded defects in the shadow of 
the floor of the inferior horns, the impor- 
tance of which was not recognized, proved 
to be tumor implants. 

As far as we know, the possibility of diag- 
nosing tumor implants in the ventricles by 
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means of ventriculography has not been de- 
scribed in the literature. Inasmuch as this 
condition is not uncommon, the findings in 
this case will serve to emphasize the impor- 
tance of considering multiple lesions when 
a ventriculogram reveals more than one 
filling defect. 


Fic. 3. Ventriculogram in anteroposterior position, 
showing shadows of tumor implants in lateral and 
third ventricles. 
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ENCEPHALOGRAPHY IN A CASE OF LOCALIZED 
SUBCORTICAL HEMORRHAGE 


By FREDERIC SCHREIBER, M.D. 


DETROIT, MICHIGAN 


NCEPHALOGRAPHY has been espe- 

cially useful in those cases of head in- 
jury where it is clinically difficult to dis- 
tinguish between hysteria, malingering, 
and a definite organic lesion. The diagnosis 
in the following case offered these difficul- 
ties, and it seemed of sufficient interest to 
warrant reporting, since the roentgen find- 
ings were confirmed at autopsy some time 
after the diagnostic encephalograms were 
made. 


Case 1. Harper Hospital Nos. 59351, 60078. 
Head trauma; short period of unconsciousness; 


frequent convulsions of right face preceded by 


aphasia; encephalography, revealing cyst in left 
hemisphere; trephine, exposing hemorrhagic area 
in arachnoid; autopsy finding of left subcortical 
hemorrhage. 

A right-handed, white carpenter, aged forty, 
referred by Dr. Grover Penberthy, was ad- 
mitted to the Hospital January 19, 1931, com- 
plaining of attacks of aphasia, associated with 
involuntary contractions of the right facial 
muscles. 

Clinical History. In July, 1929, the patient 
was struck on the head by an iron door track. 
There was loss of consciousness for twenty 
minutes and when the patient came to, he no- 
ticed a twitching of the muscles on the right 
side of the face. He was taken to a hospital, 
where all findings were negative, including films 
of the skull, and he was discharged after five 
days. After a few days at home, he returned to 
work, apparently feeling no ill effects from his 
accident except frequent frontal headaches. He 
worked for two months until one day while at 
work he became aware of a bursting headache, 
followed by an inability to speak and finally by 
continued twitching of the right side of his face. 
The whole episode lasted fifteen minutes and 
the patient was in a daze throughout this time, 
remembering nothing that was going on about 
him. After this spell the patient felt very tired. 
He had not fallen, nor was there a twitching of 
any muscles other than those of the right side 
of the face. 

rom this time on, a similar attack came on 


every seven to ten days and the patient had to 
give up his work. He had frequent neurological 
examinations which were always entirely nega- 
tive and it was the impression of the neuro- 
logical consultant that the man had a post- 
traumatic functional disturbance rather than 
an organic lesion. Suggestive therapy, however, 
was of no avail, and the attacks becoming more 
frequent, the patient was sent to me for en- 
cephalographic studies. 

Encephalography. On January 21, 1931, lum- 
bar puncture was done. The spinal fluid pres- 


Fic. 1. Left lateral position showing cyst apparently 
above normal ventricle. 


sure in the prone position was 100 mm. (water 
manometer). The patient was set up, 120 c.c. of 
spinal fluid being allowed to escape and 100 c.c. 
of air injected in 5 c.c. amounts. Encephalo- 
grams were immediately made. 

The roentgen interpretation (Figs. 1 and 2) 
reads: “‘Films were taken of the patient’s skull 
after the removal of 120 c.c. of fluid and the 
introduction of 100 c.c. of air. The films show 
the outlining of the ventricles, all of which are 
normal in size and contour. There is definite 
evidence of a small cyst-like area in the left 
central region. There is, we think, some cortical 
atrophy shown by the increase of the air con- 
tent in the sulci of the parietal regions, espe- 
cially the left.” 

The patient made an uneventful recovery fol- 
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lowing air injection, and was discharged from 
the hospital on the third day following en- 
cephalography, being advised to return later 
for an exploratory trephine if the attacks con- 
tinued. 

Second Admission. On Kebruary 3, 1931, the 
patient was again admitted, having had, in the 
interim, several attacks of aphasia with twitch- 
ing of the right face. On February 6, 1931, I 


kKic. 2. Anteroposterior position, showing cyst ap- 


parently communicating with left lateral ventricle. 


turned down a left central osteoplastic flap un- 
der local anesthesia. In the lower anterior re- 
gion of the exposure, corresponding to the face 
area, there was an area 2 cm. in diameter, in 
which the cortex was of a wine red color. Over- 
lying this, the arachnoid was grayish and thick- 
ened, containing a few small white plaques. 
The arachnoid was incised in this region and the 
underlying pial layer also had a peculiar grayish 
appearance. No frank cyst was seen, although | 
believed that a localized collection of fluid over 
the hemorrhagic cortex in this region was pos- 
sible, from the appearance of localized arach- 
noiditis. Wound closed with replacement of 
flap. 

The patient made an apparently uneventful 
recovery for two weeks following the operation, 
although he had several spells of aphasia fol- 
lowed by twitching of the right face as previ- 
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ously. On the fourteenth day, however, he de- 
veloped signs of meningitis and died three days 
later with a terminal temperature of 105° F, 
and marked neck rigidity. 

Post-mortem Findings. Vhe brain was re- 
moved and hardened for two weeks. The im- 
mediate cause of death was a leptomeningitis. 
On sectioning the hardened brain, a small, lo- 
calized, well-organized hemorrhage was found, 
corresponding to the left face area. Communi- 
cating with the subarachnoid space was a de 
generative cystic space about 2.51 cm. (Fig. 
3) which corresponded to the cyst shown in the 
encephalograms and the localized arachnoiditis 
formed at operation. 


Kic. 3. Organized subcortical hemorrhage with de 
generative cy stic space in left face area, communi 
cating with subarachnoid space. 


Comment. Krom the post-mortem find 
ings, it is obvious that in a degenerative 
cyst of this kind, which ts the result of lo 
calized encephalotrophy due to subcortical 
hemorrhage, and which communicates with 
the subarachnoid space, nothing is to be 
gained by surgical intervention. This case 
is therefore presented in the hope that it 
may aid in a more limiting interpretation 
of encephalographic cysts, so that the op- 
erable cysts can be more readily distin 
guished from those in which surgery is fu- 
tile. 

Summary. A case of localized subcortical 
hemorrhage in the right face center with 
a correlation of encephalographic and post- 
mortem findings. 
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THE ROENTGENOLOGIC EXAMINATION 


OF THE 


bl IS sometimes disconcerting to hear the 
statement made that unfortunately the 
roentgenogram will not reveal soft tissue 
changes. Such a statement carries with it 
both a lack of knowledge of roentgeno- 
graphic technique and of the roentgen liter- 
ature. Since the early days of roentgenology 
the demonstration of soft tissue shadows 
has been an accomplished fact, and in 1924 
Sutherland! gave an account of the roent- 
genologic study of soft tissue tumors in 
which he reviewed 103 such tumors, among 
which number 62 were benign and 41 ma- 
lignant. These benign tumors included such 
a range of shadow-casting material as the 
ordinary collection of pus in soft tissues to 
the more densely calcified tuberculous 
glands, and of the malignant tumors which 
he was able to demonstrate, 31 out of 41 
were sarcomas. This study of Sutherland’s 
was of value in establishing certain funda- 
mental points in the differential diagnosis 
of soft tissue tumors. 

More recently Warren,” Lockwood,’ and 
Reimann and Seabold,' have considerably 
advanced the study of soft tissue tumors in 
their roentgenologic studies of the breast. 
Warren’s first report in 1930, from the 
Strong Memorial Hospital, called attention 
to the simplicity of the method of studying 
breast tumors by stereoscopic roentgeno- 
grams and he evolved such a simple tech- 
nique that one is able to follow it routinely 
in the roentgen-ray department. By this 


! Sutherland, C. G. A radiologic study of soft-tissue tumors. 
Radiology, 1924, 3, 420-424. 

2 Warren, S. L. A roentgenologic study of the breast. Am. J. 
RoentGenor. & Rap. THERAPY, 1930, 24, 113-124. 

% Lockwood, I. H. The roentgen-ray evaluation of breast 
symptoms. Am. J. Roentcenor. & Rav. Tuerary, February, 
1933, 29, 145-155. 

‘ Reimann, S. P., and Seabold, P. S. Correlation of x-ray 
picture with histology in certain breast lesions. 4m. F. Cancer, 
January, 1933, 77, 34-41. 
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technique one is enabled to demonstrate 
not only the initial breast tumor but also 
its axillary glandular metastases, if they be 
present. In his original communication 
Warren called attention to the necessity of 
a knowledge of the ordinary physiologic 
changes that take place in the female breast 
during the menstrual cycle, pregnancy, and 
lactation, and emphasized the fact that 
roentgenograms of the normal breast con- 
form to the anatomical structures which 
are present, whether the breast be of the 
obese or atrophic type; also that abnormali- 
ties visible in the pathologic breast resemble 
closely the gross appearance of such abnor- 
malities and that the roentgen appearance 
of the various types of tumors both malig- 
nant and benign resembles the gross ap- 
pearance closely enough to be character- 
istic of individual types of tumors. 
Lockwood in a recent article calls atten- 
tion to the roentgen study of the breast in 
the evaluation of breast symptoms and 
states that by this simple method the path- 
ological state responsible for any of the car- 
dinal presenting breast symptoms tumor, 
pain, or discharge from the nipple-—can 
often be recognized without exploratory 
section and that the need for biopsy can be 
reduced in many tumors that are clinically 
only suspicious but prove to be roentgeno- 
logically characteristic. He calls attention 
to some limitations of the roentgen exami- 


nation which are shared by any method of 


gross observation, namely, the inability to 
recognize (a) microscopic areas of cancer, 
(4) early malignant degeneration in benign 
tumors and (c) early carcinoma associated 
with chronic cystic mastitis. But such early 
changes as these can only be recognized by 
microscopic study and the roentgen method 
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is far superior to any known gross method 
of examination as it obviates to a large de- 
gree the necessity of repeated palpation of 
the breast and the axillary glands, the dan- 
gers of which have only recently been called 
attention to by Holman.° 

That the roentgen examination of breast 
tumors in the hands of the experienced 
roentgenologist is capable of considerable 
diagnostic accuracy is emphasized by the 
first report of Warren in which he was able 
to show a diagnostic accuracy of 85 to 95 
per cent. Not only does the roentgen ex- 
amination of the breast offer an additional 
aid in the diagnosis of obscure breast tumors 
but it is of particular aid in those patients 
who have large breasts in which palpation 
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and the usual methods of examination are 
not wholly satisfactory. As Lockwood says, 
“The roentgen examination is not offered 
as a substitute for other methods but as a 
valuable and accurate addition to the pres- 
ent methods for the recognition of cancer 
as well as other diseases of the breast.”’ Its 
more widespread use would, we believe, 
lead to earlier recognition of breast tumors 
and since the ultimate cure of carcinoma of 
the breast lies in its earlier recognition the 
value of this method of examination cannot 
be too strongly emphasized. It is urged that 
all roentgenologists acquaint themselves 
with the technique of the examination and 
use every opportunity to familiarize them- 
selves with the characteristic as well as the 
abnormal breast changes. 


THE AMERICAN CONGRESS OF RADIOLOGY 


| be YM September 25 to 30, of this year, 
there will be held at Chicago the first 
American Congress of Radiology. This will 
be an entirely new undertaking for Ameri- 
can radiologists. As there seems to be some 
slight misunderstanding or lack of knowl- 
edge on the part of a few members of the 
American Roentgen Ray Society and the 
other radiological bodies as to the real aim 
and objects of this Congress, a few words in 
the way of explanation have seemed fitting. 

Almost coincident with the first an- 
nouncement that a Century of Progress 
Exposition was to be held in Chicago in 
1933, a few loyal radiologists with the in- 
terests of our medical specialty at heart, 
conceived the plan of holding a combined 
meeting or Congress of all of our radiologi- 
cal bodies in conjunction with the Exposi- 
tion. The four societies in this country, 
namely, the American Roentgen Ray So- 
ciety, the Radiological Society of North 
America, the American Radium Society, 
and the American College of Radiology, ap- 
pointed representatives to meet and formu- 
late plans for such a Congress. Thus the 
four societies will act as the sponsors for 


the meeting. All radiological societies of 
North and South America will receive in- 
vitations for their members to attend. 

The organization of the Congress is 
vested in an Executive Council composed 
of Dr. Benjamin H. Orndoff as Chairman, 
Dr. Edward L. Jenkinson, Secretary, Dr. 
Henry Schmitz, Treasurer, and Drs. James 
T. Case, Maximilian J. Hubeny, Byron 
H. Jackson, B. R. Kirklin, Leon J. Men- 
ville, Lawrence Reynolds, John T. Murphy, 
George FE. Pfahler, and Albert Soiland. The 
Council elected Dr. Henry K. Pancoast as 
President of the Congress and appointed as 
Vice-Presidents the four Presidents of the 
Societies acting as sponsors,—Drs. John T. 
Murphy, Byron H. Jackson, Rollin H. 
Stevens and Albert Soiland. 

Only members of the Council will act as 
chairmen of the ten Committees. Dr. Reyn- 
olds and Dr. Menville, the Editors of the 
two journals will serve as co-chairmen of 
the Committee on Publication, to ensure 
an equable distribution of papers presented. 
Dr. George FE. Pfahler, Chairman of the 
Committee on Scientific Program, will have 
as his coworkers the secretaries of the three 
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purely scientific societies and the president 
or president-elect of each of the societies 
whose duty it will be to construct a 1933 
program for his respective society. The 
Chairman of this important committee has 
asked for volunteers on the scientific pro- 
gram. 

The scientific sessions of the Congress 
will be held in the Palmer House, Chicago, 
September 25 to 30, 1933. The scientific 
and commercial exhibits will be conveni- 
ently located in the same hotel. 

It is planned to hold only morning ses- 
sions from g A.M. until 2 p.m., with two sec- 
tions, diagnostic and therapeutic, meeting 
in separate rooms simultaneously, except 
that a joint meeting will be held on the first 
morning. This will provide ample oppor- 
tunity for all members and guests to visit 
the Exposition in the afternoons and some 
of the evenings. Probably two evenings will 
be set aside for the Caldwell Lecture and 


the Janeway Lecture under the auspices of 


the American Roentgen Ray Society and 
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the American Radium Society respectively, 
the convocations of the Radiological So- 
ciety and of the College of Radiology. The 
permanent headquarters and business office 
of the Executive Council and Administra- 
tion is 2561 North Clark Street, Chicago. 

This Congress is a meeting in the inter- 
ests of radiology as a specialty in medicine, 
as a means of collective research and as an 
exceptional opportunity to permit the pub- 
lic to learn something of the importance of 
radiology to mankind. Ever effort is being 
made to make this the greatest convention 
that has ever been organized for the bene- 
fit of the science of radiology. It must be 
fully realized that the existence of four so- 
cieties has promulgated a healthy and 
friendly competition which has been largely 
beneficial, and it is earnestly hoped that 
this will be an opportunity for all of us to 
come together with a common interest 
our specialty and the benefit to humanity. 
Henry kK. Pancoasr 


President, American Congress of Radiology 
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N THE death of Dr. Lawrie Byron Mor- 

rison at his home in Brookline, Massa- 
chusetts, on January 16, 1933, from car- 
cinomatosis, the American Roentgen Ray 
Society has lost one of its most talented 
and respected members. 

Dr. Morrison was born in Barnet, Ver- 
mont, October 17, 1875. He was 
twelve children and his death is the first 
among them. His pre-medical education 
was obtained at Peacham Academy, and 
he received the degree of Doctor of Medi- 
cine from the University of Vermont Medi- 
cal School in 1g02. After an interneship in 
the Mary Fletcher Hospital in Burlington, 
he studied pathology in Montreal and Phil- 
adelphia. On his return he became instruc- 
tor in pathology and histology in the Uni- 
versity of Vermont Medical School. He 
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practiced a short time in Burlington but 
was soon appointed Assistant Superinten- 
dant and Medical Director of the Mary 
Fletcher Hospital, holding this position for 
ten years. He married Fanny 
with his son, Harvey 
third year student in Harvard Medical 
School, survives him. In tgi4 he came to 
Boston and was associated with the late 
Dr. Walter Dodd until Dr. Dodd’s death 
in 1916. 


Rowe, who 
Rowe Morrison, a 


Besides maintaining his own private lab- 
oratory, Dr. Morrison was roentgenologist 
at the following hospitals: New England 
Deaconess, New England Baptist, Faulk- 
ner, Corey Hill and Robert Breck Brigham, 
and was consulting roentgenologist to the 
Collis P. Huntington and Palmer Memorial 
Hospitals. He was a member of the Ameri- 
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can Medical Association, Massachusetts 
Medical Society, American Roentgen Ray 
Society, Radiological Society of North 
America, New England Roentgen Ray So- 
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branches of medicine, and his conscientious 
fidelity to his medical ideals won the ad- 
miration of all. While his rare executive 
ability aided him greatly in building the 


clety, \merican Society of Gastro-enter- 
ologists, Trudeau Society and the Boston 
Orthopedic Club. 

Kminently fitted for roentgenology by 
his training as a pathologist and clinician, 
Dr. Morrison was an ideal consultant. He 
was deft, skillful and painstaking in his 
technical work. His wide experience, his un- 
usual memory and his thorough study of his 
cases made him exceedingly accurate in di- 
agnosis. He was not a narrow specialist but 
kept himself constantly informed in. all 


efficient organizations which he developed 
both in his laboratory and in his numerous 
hospitals, his success depended in no small 
measure on his own hard work. Though not 
endowed with a robust constitution he 
seemed tireless and was unsparing of him- 
self in the pursuit of his investigations. 
He was not a voluminous writer but he 
was deeply interested in research and scien- 
tific investigation. His papers were always 
clear and concise. He made a careful study 
of the cardia and lower esophagus, making 
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several reports of his findings and conclu- 
sions. His last paper on the “Study of the 
Hip Joint” is an excellent example of his 
patient, thorough and accurate observa- 
tions over many years. 

Though his professional ability and his 
scientific attainments were of the highest 
order, Lawrie Morrison will be best remem- 
bered for his personal charm, his self- 
sacrifice, his constant willingness to help 
others and his quiet and unfailing courage. 
To his patients he was always a gentle and 
sympathetic physician, so that it was truly 
said that every patient became his friend. 
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With the memory of Walter Dodd, who 
was also a victim of his profession, before 
him he knew the future only too well but 
was never heard to utter a complaining 
word or an expression of regret. His calm 
and quiet courage through the sufferings of 
the last year have been an inspiration to all 
who knew him. 

With the members of his family, a host 
of friends sorrow because of his departure 
and hold him in affectionate remembrance 
for what he did and still more for what he 
was. 


P. F. BurLer 
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SOCIETY PROCEEDINGS, CORRESPON DENCE 
AND NEWS ITEMS 


Items for this section 


2 solicited promptly after the events to which they refer. 


Unitrep SrareEs OF AMERICA 

AMERICAN ROENTGEN Ray Society 
Secretary, Dr. E. P. Pendergrass, University Hospital, 
Philadelphia, Pa. 

Annual Meeting: Chicago, IIl., Sept. 25-30, 1933. 

AMERICAN COLLEGE OF RADIOLOGY 
Secretary, Dr. Albert Soiland, 1407 
Angeles, Calif. 

Annual meeting: Chicago, IIl., Sept. 25-30, 1933. 

SecTION ON RapioLoGy, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. J. T. Murphy, 421 Michigan St., Toledo, 
Ohio. 

Annual meeting: Milwaukee, Wis., June 12-16, 

RaDIOLoGIcAL Society oF NortH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syr 
acuse, N. Y. 

Annual meeting: Chicago, IIl., Sept. 25-30, 1933. 

RADIOLOGICAL Section, Los ANGELES County MEDICAL 
SocIETY 
Secretary, Dr. D. R. MacColl, 2826 S. Hope St., Los 
Angeles, Calif. 

Meets on the third Wednesday of each month at the 
California Hospital. 

RADIOLOGICAL SECTION, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. C. H. Heacock, 20 S. Dunlap St., Mem- 
phis, Tenn. 

Annual meeting: Richmond, Va., November, 1933 

BROOKLYN ROENTGEN Ray Society 
Secretary, Dr. G. W. Cramp, 92 
lyn, N. Y. 

Meets monthly on first Tuesday, October to April. 

BuFFALO RADIOLOGICAL SOCIETY 


3. Hope Los 
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Secretary-Treasurer, Dr. Joseph S. Gian-Franceschi, 610 
Niagara St., Buffalo, N. Y. 
Meets second Monday of each month except during 
summer months, place of meeting selected by the host. 
CuHicaGo ROENTGEN SOCIETY 
Secretary, Dr. George M. Landau, 660 Groveland Park. 
Meeting second Thursday of each month October to May 
inclusive at Virginia Hotel. 
CINCINNATI RADIOLOGICAL SOCIETY 
Secretary, Dr. H. G. Reineke, Christian R. Holmes 
Hospital, Cincinnati, Ohio. Meetings held monthly. 
CLEVELAND RADIOLOGICAL SOCIETY 
Secretary, Dr. M. A. Thomas, Medical Arts Bldg. 
Meetings are held at 6:30 p.m. at the Cleveland Cham- 
ber of Commerce Club rooms on the fourth Monday of 
each month from October to April, inclusive. 
Derroir RoENTGEN Ray AnD Raptum Society 
Secretary, Dr. E. R. Witwer, Harper Hospital. 
Meets monthly on first Thursday from October to May, 
at Wayne Country Medical Society Building. 
FLoripa RADIOLOGICAL Society 
Secretary, Dr. W. McL. Shaw, 418 St. James Bldg., 
Jacksonville, Fla 
Meetings held twice a year, May and November. 
Next meeting, Hollywood, Fla., May 1, 1933. 
ILtino1s RADIOLOGICAL SocIETY 
Secretary, Dr. L. M. Hilt, Myers Bldg., Springfield, III. 
Regular meetings held quarterly. 


MEETINGS OF ROENTGEN SOCIETIES* 


INDIANA ROENTGEN SOCIETY 
Secretary, Dr. J. N. Collins, Indianapolis, Ind. 

Annual meeting each February 22 in Indianapolis. 

MICHIGAN ASSOCIATION OF ROENTGENOLOGISTS 
Secretary, Dr. S. W. Donaldson, St. Joseph’s Mercy 
Hospital, Ann Arbor, Mich. Three meetings a year, Fall, 
Winter, and Spring. Next Meeting, University Hospital, 
Ann Arbor, Mich., May 27, 1933. 

MILWAUKEE RoEnTGEN Ray Society 
Secretary, Dr. J. E. Habbe, 221 Wisconsin Ave., Mil- 
waukee, Wis. 

Meets first Friday in October, December, February and 
April. Place of meeting designated by the president. 

Minnesota RADIOLOGICAL SOCIETY 
Secretary, Dr. L. G. Rigler, University Hospital, Minne- 
apolis, Minn. Next meeting, Rochester, Minn., May 22, 
1933- 

New EnGLAnc RoentTGEN Ray Society 
Secretary, Dr. Thomas R. Healy, 370 
Boston, Mass. 

Meets monthly on third Friday, Boston Medical Library. 

New York ROENTGEN SOCIETY 
Secretary, Dr. C. W. Schwartz, 33 E. 68th St., New York. 
Meets monthly on third Monday, New York Academy 
of Medicine, at 8:30 P.M. 

CentTrRAL New York RoentGEN Ray Society 
Secretary, Dr. H. S. Bull, 604 Masonic Temple, Auburn, 


Three meetings a year 


Marlboro St., 


January, May and November. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. W. E. Reiley, Clearfield, Penna. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. Karl Kornblum, 3400 Spruce St. 

Meeting first Thursday of each month from October to 
May inclusive, at 8:15 p.M., in Thomson Hall, College of 
Physicians, 19 S. 22d St. 

RocHESTER ROENTGEN Ray Society, Rocuester, N. Y. 
Secretary, Dr. S. L. Warren, Strong Memorial Hospital. 
Meets monthly on the first Friday evening at 7:45 at the 
Rochester Medical Association Building. 

Sr. Louts ROENTGEN CLuB 
Secretary, Dr. W. K. Mueller, University Club Bldg. 
Meets first week of each month. Time and place of meet 
ings designated by president. 

SoutH Caroiina X-Ray Society 
Secretary: Dr. R. B. Taft, 105 Rutledge Ave., Charleston, 

Meets at time and place of South Carolina State Medical 
Association. Next meeting, Spartansburg, April, 1933. 

Texas RADIOLOGICAL SociETY 
Secretary-Treasurer, Dr. C. P. Harris, Houston, Texas. 
Meets annually one day preceding the meeting of the 
Texas State Medical Association 

Universiry oF MIcHIGAN RoENTGEN Ray Society 
Secretary, Dr. C. C. Taylor, University Hospital, Ann 
Arbor, Mich. 

Meets first and third Wednesday evening of the month 
from October to June, at 8 o’clock in the amphitheatre of 
the University Hospital. 


* Secretaries of Societies not here listed are requested to send the necessary information to the Editor. 
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VirciniA Roentcen Ray 
Secretary, Dr. Wright Clarkson, 205 S. Sycamore St., 
Petersburg, Va. 
Meets annually in October. 


CusBa 
SociEDAD CuBANA DE RapIoLocia Y FISIOTERAPIA 
Secretary, Dr. Luis Farifias, Animas 110, Havana, Cuba. 
Meets monthly in Havana. 


British Empire 
British InstirutE oF RapioLoGy INCORPORATED WITH 
THE RONTGEN SOCIETY 
. Meets on the third Thursday of each month, from No- 
vember to June inclusive, at 8:15 p.M., at 32 Welbeck 
St., London, W. 1., or as advertised. 
ELectro-THERAPEUTIC SECTION OF THE RoyAL Society 
oF MepicineE (ConFinep To Mepicat MEMBERS) 
Meets on the third Friday of each month during the 
winter at 8:30 p.m. at the Royal Society of Medicine, 1 
Wimpole St., London, W. 1. 
Section oF RapioLocy anD E ecrriciry, Aus- 
TRALASIAN MEpIcAL ConGRESS 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 
RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British MepIcAL AssociaTION 
Secretary, Dr. Colin Macdonald, Lister House, 61 Collins 
St., Melbourne, Australia. 
Meets monthly at Melbourne during the winter. 
Secrion on RapioLocy, CANADIAN MEDICAL ASsocIATION 
Secretary, Dr. A. H. Rolph, 160 St. George St., Toronto, 
Ont. 
RapioLocicat Secrion, NEw ZEALAND BritisH MEDICAL 
ASSOCIATION 
Secretary, Dr. P. C. Fenwick, The Hospital, Christ- 
church. Meets annually. 


ConTINENTAL Europe 
BELGIAN Society OF ROENTGENOLOGY 
Secretary, Dr. J. Boine, Avenue des Allies, 134, Louvain, 
(Belgium). 
Meets monthly on second Sunday at d’Egmonds Palace, 
Brussels, except in the summertime. 
SociETE DE Rapio._ocie MEDICALE DE FRANCE 
Meets monthly on second Tuesday, except during 
months of August and September, 12 Rue de Seine, Paris. 
Sociéré DE RapioLocie (SCHWEIZERISCHE 
GEN-GESELLSCHAFT) 
Secretary for French language, Dr. A. Grosjean, La 
Chaux de Fonds. 
Secretary for German language, Dr. Scheurer, Molzgasse, 
Biel. 
Meets annually in different cities. 
Société FRANCAISE D’ELECTROTHERAPIE ET DE RaDIOoL- 
MEDICALE 
Meets monthly on fourth Tuesday, except during months 
of August and September, 12 Rue de Seine, Paris. 
AssociATION OF GERMAN ROENTGENOLOGISTS AND RapI- 
OLOGISTS IN CzECHO-SLOVAKIA 
Secretary, Dr. Walter Altschul, German University, 
Prague, 11/52. 
DeutscHe ROnTGEN-GESELLSCHAFT (GESELLSCHAFT FUR 
RONTGENKUNDE UND STRAHLENFORSCHUNG) 
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Meets annually in April in different German cities, at 
least once in five year in Berlin. Meets in addition 
every two years with the Gesellschaft deutscher Natur- 
forscher und Aerzte. 

Permanent secretary, Professor Dr. Haenisch, Klopstock- 
strasse 10, Hamburg, Germany. 

Durcu Society oF ELEcTROLOGY AND ROENTGENOLOGY 
Holds two meetings a year in Amsterdam, one in the 
Spring, and one in the Fall. 

Socreta RapioLocia 
Secretary, Professor M. Ponzio, University of Turin, 
Turin. 

SociETATEA ROMANA DE RADIOLOGIE sI ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Maracine 30 
Bucarest, Rumania. 

Meets second Monday in every month with the excep- 
tion of July and August. 

Att-Russtan RoentGen Ray Association, LENINGRAD, 
USSR, in the State Institute of Roentgenology and Radi- 
ology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 
Meets annually. 

LENINGRAD RoENTGEN Ray Society 
Secretaries, Drs. S. G. Simonson and G. A, Gusterin. 
Meets monthly, first Monday at 8 o'clock, State Insti- 
tute of Roentgenology and Radiology, Leningrad. 

Moscow RoentcEN Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. 

Meets monthly on the first Monday at 8 o'clock, the 
place of meeting being selected by the Society. 

Po.tsH Society oF RADIOLOGY 
Secretary, Dr. Jan. Kochanowski, 45 Gornoslazka St., 
Warsaw. Meets annually. 

Warsaw Section, Society oF RADIOLOGY 
Secretary, Dr. B. Krynski, 11 Zielna St. 

Meets once a month except in the summertime. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. Each of the fol 
lowing societies, with exception of the Denmark Society, 
meets every second month except in the summertime. 

Society oF Mepicat RapDIoLoGy oF SWEDEN 
Meets in Stockholm. 

Society oF MepicaL 1n NoRWAY 
Meets in Oslo. 

Society oF Mepicat RapioLocy DENMARK 
Secretary, Dr. H. Scheuermann, Copenhagen. 

Meets on the second Wednesday of each month from 
October to July in Copenhagen, at 8 o'clock in the State 
Institute of Roentgenology. 

Society oF Mepicat RapioLoGy IN FINLAND 
Meets in Helsingfors. 

VIENNA Society OF ROENTGENOLOGY 
Meets first Tuesday each month, October to July. 


OrIENT 
Japan X-ray AssociaTION 
c/o Orthopedic Surgery, Tokyo Imperial University. 
Meets annually in April. 
Kinki ROENTGEN-ABEND SOCIETY 
Director, Dr. Prof. Taiga Saito, Ogawaoike, Kyoto, 
Japan. Meets bi-monthly on third Sunday. 
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MINNESOTA RADIOLOGICAL 
SOCIETY 
The winter meeting of the Minnesota 
Radiological Society was held at the Nicol- 
let Hotel in Minneapolis on Saturday, 
Kebruary 18, 1933, at 2:00 p.m. The follow- 
ing program was presented. 


1. Preoperative Diagnosis of Malignancy of 
the Liver with Thorotrast. Lester G. Ericksen, 
M.D., Minneapolis. 

2. The Physical Basis of Chest Radiography 
(Work of R. G. Wilsey) and the Ruggles Ciné- 
Cardiographic Film. Robert H. Morrison, Min- 
neapolis. 

3. A Simplified Technique for Roentgen- 
ography of the Optic Canals. John D. Camp, 
M.D., and Cesare Gianturco, M.D., Rochester. 

4. Atypical Findings in’ Bone Lesions. 
Charles G. Sutherland, M.D., Rochester. 

s. Roentgenologic Study of Bone Changes 
Accompanying Neurofibroma of the Spinal 
Cord and Associated Nerves. John D. Camp, 
M.D., Rochester. Discussion by W. A. O’Brien, 
M.D., Minneapolis. 

6. Case Reports from the University Hos- 

pital. 

\. Demonstration of Methylene Blue 
Method for Calibrating Roentgen- 
Ray w. 
Ph.D. 

Achondroplasia, Advanced Ossifica- 
tion, Vertebral Osteochondritis. 
John B. Eneboe, M.D. 

C. Carcinoma of Breast, Skeletal Me- 

tastases, Response to Radiation. C. 

Hansen, M.D. 

1). Carcinoma of the Skin, Response to 
Radiation. Krederick B. Exner, 
M.D. 

kK. Simulants of Mediastinal Masses. Leo 
G. Rigler, M.D. 


Dosage. Stenstrom, 


b. 


The Society was honored by the presence 
of Dean Richard E. Scammon of the Uni- 
versity of Minnesota Medical School who 
delivered a very illuminating and stimu- 
lating address on “The Contributions of 
Radiology to the Study of Growth.” 

\t the business meeting a resolution was 
adopted endorsing the principles of the 
Code of Ethics of the Philadelphia Roent- 
gen Ray Society. 
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The next meeting of the Society will be 
held in Rochester, Minn., May 22, 1933. 
Leo G. RIGLER 

Secretary 


REUNION OF FRENCH PHYSICIANS 

The Reunion of French-Speaking phy- 
sicians practicing radiology and electrol- 
ogy (Medicine Electroradiologistes de 
Langue Francaise), under the auspices of 
the Société Francaise d’Electroradiologie et 
de Radiologie médicales, of the Société de 
Radiologie medicale francaise and of the 
Société Belge de Radiologie, to which are 
invited French-speaking physicians of what- 
ever nationality, will be held in Paris, Oc- 
tober 12, 1933, at the Faculty of Medicine 
at the same time as the Congress of Sug- 
gery. 

The following questions will be the order 
of the day: 

1. The roentgen examination of the mu- 
cosa of the large intestine. Reporters: Dr. 
|.edoux-Lebard, chief of service of medical 
electroradiology to the Hospitals of Paris, 
and Dr. Gilbert, medical radiologist of the 
Cantonnal Hospital of Geneva. 

2. The short waves. Reporter: Profesor 
Réchou of Bordeaux, assisted by Drs. Au- 
clair, Dausset and Drouet. 

The officers of the congress are as fol- 
lows: Belot, President; Delherm, Réchou 
and Dubois Trepagne, Vice-Presidents; 
Dariaux, Portret, Secretaries; Morel-Kahn, 
Treasurer. 


THE ATMOSPHERE OF LARGE 
CITIES IN RELATION TO 
ULTRAVIOLET RAYS 

The vapors contained in the air in large cities 
are often held responsible for the poor trans- 
mission of ultraviolet rays. To ascertain the de- 
gree of truth in the assertion, Dr. F. Ellinger 
recently carried out experiments on the roof of 
the Institut fiir Strahlenforschung and also at 
the meteorological observatory in Potsdam. 
This observatory offered practically rural con- 
ditions, whereas the Berlin institute, located 
between two railway stations in the center of 
the city, presented the most unfavorable condi- 
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tions imaginable. Nevertheless it was found 
that in Berlin, under the most unfavorable ra- 
diation conditions, the reduction of the in- 
tensity of the ultraviolet radiation, 2s com- 
pared with the values established in Potsdam, 
amounted to only 10 to 1§ per cent. For the 
transmission of ultraviolet rays in large cities 
the skyshine is no less important than the direct 
solar radiation; in fact, in the winter months it 
exceeds, many times over, the direct radiation 
of the sun, while in summer it is of approxi- 
mately equal value. Of greater significance is 
the fact that, at the Berlin institute, under the 
most favorable sun conditions, the intensity of 
the ultraviolet rays below in the court was only 
10 per cent of the intensity of the rays estab- 
lished on the top of the building. The shady 
street, the gloomy court and dark rooms, to- 
gether with the diet poor in vitamins, are the 
cause of the pale faces of city dwellers and the 
prevalence of rickets among their offspring. 
Ellinger recommends, as a means of obviating 
the condition, the more general introduction of 
roof gardens, the use of more suitable building 
material in the fronts of apartment houses, or- 
ganized hikes of children in the parks or green 
fields, and the provision of sandpiles for chil- 
dren’s play, as sand has a marked capacity to 
reflect ultraviolet rays. Ten minutes play out- 
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doors in the,sun will make up, in a general way, 
for the dearth of light during the hours in the 
schoolroom. The so much despised sandy re- 
gions near Berlin, with their many rivulets, 
offer especially favorable opportunites for ex- 
posing the body to intensive ultraviolet radia- 
tion. Overexposure to the sun’s rays produces, 
however, a thickening of the horny layer of the 
skin, which impedes the passage of the ultra- 
violet rays into the deeper tissues of the body; 
hence, exaggerated exposure to solar radiation 
should be avoided. Treatment with artificial 
ultraviolet radiation, however, should not, E]- 
linger emphasizes, be undertaken by the pub 
lic. He demands that light therapy be placed 
entirely in the hands of the physician and that 
lay treatment be prohibited because of the 
dangers.— 7. dm. M. Ass., Sept. 24, 1932, 99, 
1097. 

INDIANA ROENTGEN SOCIETY 

The sixth annual meeting of the Indiana So 
ciety was held in Indianapolis on February 22, 
1933. Dr. E. R. Witwer of Detroit addressed 
the Society. The following officers were elected: 
President-elect: Dr. W. R. Cleveland, Evans- 
ville, Ind.; Vice-president: Dr. H. H. Inlow, 
Shelbyville, Ind., &Secretary-Treasurer: Dr. 
James N. Collins, Indianapolis. 
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BOOK REVIEWS 


Books Recetved Are Acknowledged under Heading: Books Received. This must be regarded as a sufficient return 
for the courtesy of the sender, Selections will be made for review in the interest of our readers as space permits. 


THe Hisrory or Dermarotocy. By William 
Allen Pusey, A.M., M.D., LL.D., Professor 
of Dermatology Emeritus, University of 
Illinois; Sometime President of the American 
Dermatological Association, and of the 
American Medical Association. Cloth. Price, 
$3.00. Pp. 223, with 33 illustrations. Spring- 
field, Illinois; Baltimore, Maryland: Charles 
C Thomas, 1933. 


In this monograph of 223 pages, g chapters 
and 33 illustrations, the only work of its kind 
in the English language, Pusey has given to 
dermatology and to medicine an interesting, 
instructive, accurate and much needed outline 
of the history of dermatology. The work is 
dedicated to the which 
might lead one to assume that it is the young 
physician who will be most benefited by its 


younger generation 


perusal. In dermatology, as in all vocations, the 
beginner vaguely realizes that he is a legatee in 
the sense that he may easily and quickly ac- 
quire the sum total of human endeavor over a 
period of several thousand years; in other 
\s a rule, the be 
ginner has neither the time nor the interest to 
ascertain how, why or when this knowledge 


words, modern knowledge. 


was builded. This paucity of time and desire 
often continues until full maturity, with the 
result that there are many well-known dermatol- 
little about the efforts 
but their contem 
poraries and immediate predecessors. There is 


ogists who know very 


and achievements of any 
now little excuse for complete historical ignor 
ance. Pusey has written a concise history of the 
specialty that can be read in a few evenings. 
This would not be the case if Pusey, instead of 
writing this delightful historical summary, had 
elected to translate Iwan Bloch’s ‘‘Geschichte 
der Hautkrankenheiten in der neueren Zeit,” 
or Richter’s “Geschichte der Dermatologie.”’ 
The book is not a complete history of dermatol 
ogy, but it does give all the major historical 


events. After reading the book one has an ex- 
has 


been developed and by whom. Also, additional 


cellent general idea of how dermatology 


reading along these lines is suggested and stim- 
ulated by a large number of references. In this 
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connection, the book ends with a most useful 
historical index. 

A knowledge of the work of our remote and 
immediate predecessors tends to create a de- 
sirable spirit of humility. Pusey quotes from 
James Henry Robinson as follows: 

“The human mind has then been built up 
through hundreds of thousands of years by 
gradual accretions and laborious accumula- 
tions. Man started at a cultural zero and had to 
find out everything for himself; or rather a very 
small number of peculiarly restless and ad- 
venturous spirits did the work. The great mass 
of humanity has never had anything to do with 
the increase of intelligence except to act as its 
medium of transfusion and perpetuation. Cre- 
ative intelligence is confined to the very few. ...” 

He also relates that when the mathematical 
genius, Abel, when asked how he had done so 
much work in the few years of his working life, 
And 
Pusey commends in dermatology this advice of 
Abel’s, to read the works of the masters. 

The book is not a dry recital of historical 
events and details. It is a delectable narration 
in which the sequence unfolds naturally and 
smoothly. Short biographies and portraits of 
the great dermatologists of the past are given. 
The biographical sketches are written in such 
manner as to make the reader feel personally 
acquainted with the masters. 

The story begins with the ancients. Then the 
evolution of dermatology is followed through 
the Graeco-Roman period, the medieval age 
and the renaissance, down to the modern 
period. The present phase of modern dermatol- 
ogy, since 1g00, occupies the short last chapter. 
The author has wisely left an accurate and a 
permanent evaluation of this period to some 
future historian, but he discusses the modern 
trend and mentions the accomplishments of the 
early part of the period. 

Throughout the book the relationship of 
dermatology and medicine is traced; and men- 
tion is made of the importance of the living skin 
in medical research which has led to so many 


answered: “By studying the masters.” 


discoveries in the fields of chemistry, biology, 
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morphology, immunology, physics, etc. Of fas- 
cinating interest are the development and far- 
reaching influence of the various schools and 
masters of dermatology so well described in this 
admirable work. 

Dermatology, especially American dermatol- 
ogy, owes a debt of gratitude to Pusey for 
giving us this invaluable monograph. The book 
should be read, preserved and read again and 
again by at least every English speaking der- 
matologist. 


GeorGceE M. Mackee 


La TUBERCOLOSL DEI POLMONI DELLE 
pLEURE. By Prof. Dott. Stefano Mancini, 
Medico Primario dell’Ospedale Civile di 
Livorno, Libero docente in Medicina interna 
nella R. Universita di Siena, Libero docente 
in Tisiologia nella R. Universita di Roma. 
Paper, price M. 50; bound, M. 53. Pp. 1135, 
with go illustrations. Sponsored by the 
Italian Association for the combat of Tu- 
berculosis. Leipzig: Georg Thieme, 1933. 


This is a very complete book in which pleuro- 
pulmonary tuberculosis is studied from every 
possible angle. The first two chapters consist 
of a bacteriological study of the different types 
of tubercle bacilli and of similar microorgan- 
isms. In the third chapter the genesis of the 
primary infection is dealt with very exten- 
sively, especially in regard to the transmission 
through breast feeding. The fourth chapter is 
dedicated to the study of the reaction of the 
body toward the infection including the various 
kinds of immunity and allergy. An extensive 
discussion of Ranke’s theory is found in chap- 
ter five. Chapters six and seven deal with the 
generalization of the primary infection, chapter 
eight with the re-infection. Predisposition is 
discussed in the tenth chapter. Chapters eleven, 
twelve and thirteen deal with the normal anat- 
omy of the lungs and with the various patho- 
logic aspects of pulmonary tuberculosis. The 
clinical signs are given extensive description in 
the diagnostic section of the book and. all 
known methods of examination (bacteriologic, 
immunologic, clinical, and roentgenologic) are 
discussed and evaluated. The last three hun- 
dred pages are dedicated to therapeutic meas- 
ures. Finally the social aspects of the problem 
are considered and the measures adopted by the 
Kascist government in the combat of the 
disease are highly praised. This book may be 
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well included in any physician’s library as an 
excellent reference book on tuberculosis. 


C, GIAnTruRCO 


PuysicaL THERAPEUTIC Tecunic. By Krank 
Butler Granger, A.B., M.D., Late Physician- 
in-Chief, Department of Physical Therapy, 
Boston City Hospital; Director of Physical 
Therapy, United States Army; Medical 
Counselor, United States Veterans’ Bureau. 
Revised by William D. Mckee, M.D., Visit- 
ing Physician, Department of Physical Ther- 
apy, Boston City Hospital; Attending Spe- 
cialist in Physical Therapy, United States 
Veterans’ Bureau; Consultant in Physical 
Therapy, Ring Sanatorium. Second edition, 
revised. Cloth. Price, 36.50. Pp. 436, with 
135 illustrations. Philadelphia and London: 
W. B. Saunders Company, 1932. 


The first edition of this book was intended by 
the author for the general practitioner who has 
installed a limited equipment and of whom the 
Council on Physical Therapy of the American 
Medical Association said, ““A physician who has 
installed a diathermy machine or an ultra 
violet ray generator can do good in carefully 
selected cases with one of these methods. He is 
not, however, fully equipped to render physical 
therapeutics. As a rule, it is the careful combi 
nation of several physical agencies that gets the 
best results.”” One must consider that intention 
carefully since it means necessarily briefness of 
presentation—to say the least——in_ certain 
phases discussed in the text as, for example, 
hydrotherapy, mechanotherapy and muscle re 
education. Granger died and we have before us 
a second edition which has been compiled and 
brought up to date by W. D. Mckee. Here 
again the reviewer and reader must bear in 
mind the many. difficulties of such a task, diff 
culties which to some extent and in some in 
stances are almost insurmountable. 

The theoretical principles of physical therapy 
are barely touched; electro physics, to quote an 
example, is limited to seven pages. The tech 
nique of application, however, is outlined in 
more detail and that, after all, is the purpose 
of the book. The reader is acquainted with the 
physiological effects produced by electricity, 
the principles of galvanic current, ionization, 
muscle testing and the various types of elec 
trical current. Then follow a discussion of the 
electromagnetic spectrum, chapters on hydro 
therapy, massage and the use of carbon dioxide 
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snow. The special technique used in the treat- 
ment of certain diseases covers over 80 pages. 
To mention only some of the conditions, we 
find arthritis, sciatica, neuritis, diseases of the 
circulatory system and pulmonary diseases, in- 
fantile paralysis, and many others, included in 
this list. A special chapter deals with physical 
therapy in diseases of the ear, nose and throat, 
which is written by G. B. Rice. The teaching of 
physical therapy and the organization of a 
physical therapy department in a hospital are 
also given consideration. 

The critical reader will find a number of 
errors and omissions in the text; there is also 
room for argument in many places. While the 
scientifically thinking physician will be pleased 
to read on page 25 that the “‘stimulative effect 
of electricity is pure theory and as yet has no 
scientific support it,” he may 
rightfully the recommendation of 
“sterilization of tonsils temporarily by means 


evidence to 
frown at 


of a vacuum or nonvacuum electrode or with 
the Curay ultraviolet light” (page 276). 

The book being of a very personal nature has 
no bibliography. It is decidedly a practical 
guide for the beginner in physical therapy or 
the general practitioner who is desirous of hav- 
ing a laboratory manual within easy reach. 


A. PoHLe 
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DEPARTMENT OF TECHNIQUE 


Department Editor: Roserr B. Tarr, 105 Rutledge Ave., Charleston, S. C. 


A NEW TECHNIQUE FOR ROENTGENOGRAPHY 
OF THE OPTIC CANALS* 


By RAYMOND L, PFEIFFER, A.B., M.D. 


NEW YORK CITY 


HERE is no bony structure of greater 
importance to the ophthalmologist than 
the optic canal. Through this unyielding 
tube run the optic nerve and the ophthal- 
mic artery. Here in a fixed space and held 
in contact are two structures subject to di- 
verse diseases. Certain diseases of either, as 
tumor, aneurysm, or calcification of the 
ophthalmic and internal carotid arteries, 
may produce changes in the wall of, or with- 
in, the canal, and be detected by roentgen- 
ography. Those conditions which are pri- 
mary in bone, or which result from fusion 
of bone or traumatism to bone, may affect 
the eye through the canal and be diagnosed 
by the roentgen ray. Diseases of the par- 
anasal ‘sinuses more frequently affect the 
canal and contained structures. The men- 
inges, the circle of Willis, the hypophysis, 
and the cerebrum, are subject to diseases 
which may involve the canal and be de- 
tected by this laboratory method. So the 
roentgenologist can be of great service to 
the ophthalmologist by his ability to ex- 
amine and give information concerning the 
canal and Its relations. 
ANATOMY 
The optic canal is located just medial 
to the apex of the orbit and is formed by 
the fusion of the two roots of the lesser 
wing of the sphenoid with the side of its 
bedy. The floor extends posteriorly and the 
roof anteriorly, with the long axis varying 
from 4 to g mm. (Whitnall). According to 
Onodi, the canal may be as much as 12 mm. 
in length. The anterior opening is termed 
the foramen opticum, is oval in outline, and 


* Read at the Thirty-third Annual Meeting, American Roentgen Ray Society, Detroit, Mich., Sept. 2 


measures § to 6 mm. in its longer diameter. 
The central part of the canal is circular 
with an average diameter of 5.5 mm., and 
the posterior opening is generally consid 
ered flattened from above downwards 
(Whitnall). In roentgenography when a 
small focus tube and 25 inch target film 
distance are used, the diameter of the 
shadow of the canal on the film is approxi 
mately | mm. larger. 

In the canal the optic nerve is enclosed 
in sheaths from the pia mater, arachnoidea 
and dura mater of the brain. The ophthal 
mic artery lies to the lower and outer side 
of the nerve in the dural sheath. Ossifica 
tion of the fibrous septum thus formed be 
tween the nerve and artery gives rise to the 
rare abnormality of a double optic foramen. 
White has reported three such structures. 

There is great variation in the relations 
of the canals. The roof or upper root of the 
lesser wing of the sphenoid ts fairly strong 
and is occasionally pneumatized. Infero 
laterally the inferior root of the lesser wing 
is thin, 1s rarely pneumatized, and is more 
rarely absent (Ledouble). This lower root 
separates the canal from the superior or- 
bital fissure. On the medial side the canal 
is in relation to the sphenoidal sinus and 
occasionally to a posterior ethmoid cell. 
The canal may be surrounded entirely by 
sphenoid air space (Whitnall; Onodi). 
Onodi classifies 38 different forms and 12 
groups of relations of the sinuses to the 
optic canal, thus indicating the extreme va 
riation. The maxillary cells never lie near 
the canal. The frontal cells may extend to 
the canal roof. 


410 


. 
' 
) 


Of greater clinical importance 1s the va- 
riable character of the bony walls separat- 
ing the cells from the canal. These walls 
may be as thick as 5 to 7 mm. (Stancu- 
leanu) or exceedingly thin, 2 mm. De- 
hiscences are reported and indeed seem to 
be not uncommon (del Duca; Holmes). 
Diploic venous channels passing from the 
air-cells to the orbital system of veins have 
been noted. 


PRESENT METHODS OF ROENTGENOGRAPHY 


The roentgenography of the canals 1s 
generally considered a most difficult pro- 
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much time would frequently fail. The de- 
vice of Arganaraz which consists of pro- 
tractors and pendulums for finding the axes 
of the canals seems an improvement over 
the cap but not a solution of the pro- 
blem. 


THE PROBLEM AND ITS SOLUTION 

The technical problems associated with 
the projecting of the canals are: (1) The 
finding of the angles; (2) the alinement of 
the primary pencil rays with the canal; 
(3) the fixation of the of patient’s head; (4) 
the symmetry of projection of the two sides, 


Hic. 1. The right and left optic canals symmetrically projected in the lower outer quadrants of the orbits. 
These are projections on one film of a pair of stereos. 


cedure. In order that the film may be of 
diagnostic worth it is imperative that the 
canal be projected in true contour. This is 
dificult to achieve because of its anatomt- 
cal position and construction at the apex 
of the orbit. The method of Rhese of pro- 
jecting the ethmoid sinuses through the 
margin of the orbit and accidentally show- 
ing the canals was manifestly an unsatis- 
factory technique and led to the cap 
method of Goalwin. The results were thus 
improved, but it was a trial and error pro- 
cedure. Technicians were unable to project 
the canals with consistent accuracy and 
after repeated effort and the expenditure of 


and (5) making the projection consistently 
reproducible. 

The problem of the angles which the 
axes of the canals make with the principal 
planes of the skull has been well worked 
out. The angles commonly used were 
checked by roentgen study of dried skulls 
with the use of radiopaque markers in the 
positions of the canals and the planes. The 
angle which the axis of the canal makes 
with the median plane was found in differ- 
ent skulls to be approximately 37° and to 
be exceedingly constant 2). That of 
the canal axis with the horizontal plane, 
in which lie the external auditory meati and 


(Fig. 


é 
y 
aa 
| 
; 


412 


the inferior margins of the orbits (Ried’s 
“base line’), is approximately 30° in the 
average adult skull and varies nearly g° in 


Kic. 2. A drawing of a horizontal section through 


the orbits and optic canals to illustrate the angles 
which are subtended by the axes of the canals with 
the median plane. The relation of the axes with 
the outer walls of the orbits is shown. 


different skulls (Fig. 3). The degree and be- 
havior of these angles in various skulls will 
be used in the device to be described, the one 
as a constant and the other as a variable. 
This knowledge of the direction of the 
canal axis and the position of the canal 
is needed in order that the primary ray 
of the tube may be made to coincide with 
the axis and project the canal within the 
orbit and in true contour. Another es- 
sential is that the film be placed perpendic- 
ular to the ray. To study the effect of poor 
alinement of the primary ray with the 
canal the tube was focused properly at 25 
inches and a dried skull placed in position 
and exposures made with the tube shifted 
to various points within a circular area 
of 3 inches in diameter, parallel with the 
film. As a result, the shadow of the canal 
in relation to the margin of the orbit 
was changed but slightly in the various 
positions with practically no distortion. 


Raymond L. Pfeiffer 


MARCH, 1933 


It is considered that no greater error in the 
alinement of the tube than this area of 3 
inches need result in the changing of the 
tube from one position to the other in the 
method given below. 

To show the effect of various degrees of 
mal-alinement of the canal axis with the 
central ray, the tube was fixed in position 
and the skull changed to various positions 
and exposures made. The results showed 
that slight shifts of the skull caused great 
distortion and malposition of the shadow 
of the canal. It was also demonstrated that 
there is a latitude of projection in the lower 
outer quadrant of the orbit which will show 
the wall of the canal in accurate contour. 
The proper projection of the canal is in the 
center of this area. Inspection of the dried 
skull will verify the presence of this lati 
tude. 

To solve the problem of fixation, to ob 
viate motion, and to secure symmetry of 
projection of the two canals, it was con 
sidered advisable to maintain the patient’s 
head in one position for both canal ex 
posures. The tube, then, would have to 
be shifted from one position to another for 
each canal. With this idea in mind the fol 
lowing device and technique were devel 
oped. 

With the head in the prone position with 
face down, a tunnel was placed at an angle 
of 37° from the top of the table, to be per 
pendicular with the axis of the canal on one 


Kic. 3. A drawing to illustrate the angle which is 
subtended by the axis of the optic canal with the 
horizontal plane. 
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side. Another tunnel was inclined 37° on the 
opposite side and in the opposite direction 
to be perpendicular with the axis of the 
other canal. A “V” arrangement of the 
tunnels resulted (igs. 4 and 5). Since this 
angle of the canal axis was found to be 
practically constant, the tunnels were fixed 
in the 37° position. To provide for the angle 
of the canal with the plane of Ried’s 
“base line,” 30°, an elevated rest or sup- 
port was arranged for the patient’s fore- 
head when placed in the “V.”” But with 
this plan of procedure the variable factor 
of physiognomy had to be considered and 
the angle of 30° could not be used to estab- 
lish the height of the support. This height 
depends on the length of the face as meas- 
ured from the pogonion to ophryon, and on 
the shape of the forehead. The device was 
constructed and the height and position of 
the rest worked out experimentally to be 7 
cm. for the average. Lines were then placed 
on the surfaces of the tunnels to locate the 
cross vertical plane (Fig. 4). Cross lines 
were then placed on these 7 cm. from the 
apex of the “V,” as determined experi- 
mentally, to direct the focusing of the 
tube for alining the central rays. These 
lines were impregnated with white lead to 
indicate on the film the relation of the 
alinement of the canal to the alinement 
of the tube. Another line was placed hori- 
zontally and 5 mm. above the first (Fig. $) 
to direct the centering of the patient’s 
head. Finally, the tunnels were lined with 
lead with windows below, and closed above 


to protect half the film. 


kKic. 4. The author’s original device. 
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In order that the tube may be shifted 
from the right to the left side without mov- 
ing the patient’s head from position, a 
plumb bob was suspended from the tube 


Fic. 5. A manufacturer’s model. 


carrier to measure on graduated arms at- 
tached to the tunnels the distance of the 
tube from the median plane of the skull for 
the projection of each canal (Fig. 6). By 
this arrangement a setting for one canal can 
be accurately duplicated for the other. The 
plumb bob may be eliminated by marking 
the positions of the tube on the table and 
always making the exposures from the 
same positions. 
THE PROCEDURE 


FOR THE APPARATUS 


In operation the procedure is as follows: 
(1) The device is placed on the roentgen 
table near to and straight with its edge 
(Fig. 6). (2) The tube of small focus 1s 
moved to the end of the carrier which 1s 
at right angles to the edge of the table, 
angled 37°, and the primary rays di- 
rected through a small cone at the cross 
marks on the left tunnel surface at a 25 
inch target-film distance. (3) A reading 
of the plumb position on the right gradu- 
ated arm is taken. (4) The patient 1s in- 
structed to sit on a stool facing the table 
and to place his head in the apparatus. (5) 
The patient’s chin is made to rest in the 
apex of the “V” and the forehead on the 
head support in a straight position with the 
canthi overlying the lines above the cross 
marks. (6) The cassette with 6.58.5 inch 
film is placed in the left tunnel and expo- 
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sure made. (7) Without moving the pa- 
tient’s head the tube stand is moved to 
the left side an equal distance from the 
median plane as indicated by the reading 


Fic. 6.° The position for the projection of the left 
canal. 1. The adjustable head support. 2. The left 
graduated arm. 3. The plumb bob in position and 
indicating the tube setting on the right graduated 
arm for the projection of the left canal. 4. The left 
tunnel with cassette. 5. The lead lining of the tun- 
nel. 


on the graduated arm of that side, and the 
tube is angled 37° in the opposite direction. 
(8) The cassette is changed to the right 
tunnel with unexposed end down and the 
second exposure made. (g) The film may 
be labeled by placing the lead number on 
the corner and protecting the main part 
of the film with lead and making the ex- 
posure. 

With the head support at an elevation 
of 7 cm. the canals of skulls which are 
within the range of normal variation, a 
number approximating go per cent, can be 
well projected. This support is adjustable 
and allows for the projection of skulls of ex- 
treme variation or deformity. Thus the ap- 
paratus is applicable for the roentgen- 
ography of the canals of all skulls. 

This apparatus has been used extensively 
in skull studies at the Presbyterian Hos- 
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pital, New York City, and routinely at the 
Neurologtcal Institute for the past five 
months. The results have been quite uni- 
form. The technique is exacting but not 
any more than for good skull roentgen- 
ography. The films show the canals to be 
projected in true contour in the lower outer 
quadrants of the orbits, to be symmetri- 
cally placed, and to be without evidence of 
motion (Fig. 1). The projections are repro- 
ducible. 

Stereoscopic projections for study of the 
canals are of distinct advantage and may 
be made with the apparatus (Fig. 7). Be- 
side the usual aid given by stereoscopic 
study further information may be gained 
from a projection to show the canal in a 
higher position in reference to the orbital 
margin and in relation to the superior or- 
bital fissure. Such films may be made sim- 
ply by the additional maneuver of shifting 
the tube in a manner parallel with the 
median plane of the skull after the primary 
alinement has been made, and changing the 
angle of the tube with the shifts to tend to 
center the rays on the cross marks of the 
tunnel. 


Kc. 7. Stereoscopic projections of one canal to show 
the position of each with their relations. 


It may be observed that the Potter- 
Bucky diaphragm is not used; however, 
contrast is gained by using a small cone. 
While there is no need for the employ 
ment of the diaphragm, a simple device 
was made with the angles given above 
to be used with the grid of the roent- 
genographic table. This device was con- 
structed as a mask to be strapped to the 
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patient’s head. In practice the procedure 
for its use is to focus the tube perpendicu- 
larly at the junction of cross lines on the 
table, to place the patient in a prone posi- 
tion on the table with mask strapped to head 
and alined with the lines of the focal point, 
and then to make the exposure for the one 
side, using the diaphragm. The second ex- 
posure is made after the head and mask are 
turned to the other side and alined. Though 
quite successful this method is not as flex- 
ible and easily used as that described above. 
In view of the very satisfactory results 
obtained with the tunnel apparatus, it did 
not advisable to 

manufacture of the mask. 


seem 


recommend the 


SUMMARY 

1. The importance of the optic canal in 
ophthalmology is indicated. The anatomy 
and relations are briefly considered. 

2. An apparatus for the roentgenography 
of the canals is presented. The device and 
method are founded on the principle of fix- 
ing the patient’s head in one position and 
moving and changing the angle of the tube 
for the projections. 

3. The method is simple, rapid, and ac- 
curate. 

4. The canals are projected in true con- 
tour and symmetrically. The results are re- 
producible. 

5. Stereoscopic projections may be made. 

6. A method using the Potter-Bucky grid 
1S also described. 
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A REMOTELY OPERATED SWITCH FOR ROENTGEN 
DOSAGE METERS* 


By LAURISTON S. 


Bureau of Standards, 


N connection with the use of several 

types of roentgen meters, as well as nu- 
merous laboratory problems, it has been 
found of great convenience to be able to 
control a charged electrometer circuit from 
a distance in order to avoid exposure of the 
body to roentgen rays or to facilitate the 
timing of operations. In the case of port- 
able measuring instruments, a_ control 
switch of this type renders unnecessary spe- 
cial shutters on roentgen tube containers or 
the sudden throwing of power on a roent- 


To Erectrom eter 


TAYLOR and G. A. RHEINBOLD 


Washington, 


which is grounded, bear on a metal surface 
such as B; to avoid the frictional charging 
of the amber which would otherwise occur. 

The release cord may be from 5~20 feet 
long and for convenience have a spring 
catch at NV (not shown) for holding it in the 
grounded position. 

As indicated in the drawing, the entire 
switch system is amply covered with }” of 
lead overlapping at all joints for radiation 
shielding. 

In use the plunger, P, is pushed in so that 


we 


gen tube in order to properly time the expo- 
sure of a roentgen meter to the x-ray beam. 

The accompanying diagram, showing the 
application of a remote control switch to 
a dosage meter, is practically self-explana- 
tory. The conducting system, .7; — from 
the thimble chamber is amber supported. 
Sliding on 4, is the brass cap, Bi, upon 
which is mounted an amber cylinder, B:, 
and a brass ring, B;, having ample clear- 
ance around 7, and insulated from B,. The 
ring, B;, serves simply as a bearing for the 
plunger, P, from an ordinary camera shut- 
ter release cable, by means of which the 
cap, Bi, may be allowed to contact 42, thus 
connecting the chamber to the electrom- 
eter by a completely insulated system, or 
to contact D which grounds the conductor, 
A,. It is important that the plunger, P, 


Brass 
LEAD 


AMBER 


ALL 


4, is grounded and no charge accumulates 
thereon. ./, is then charged (in the case 
of a dosage meter) to a suitable potential 
and the chamber placed in working posi- 
tion. To expose the chamber the plunger 
is simply released for the desired time. 
It should be noted that operation of this 
switch changes the capacitance of the sys- 
tem and a charge on 7, is divided with ./ 
in the ratio of their capacities. This neces- 
sitates, in the case of a roentgen meter, 
that the electrometer be charged to a fixed 
scale position beyond the desired zero, such 


that when //,; is later connected into the 
circuit the resultant potential brings the 
indicator to zero. We have noted that, due 


to the absence of any frictional charging in 
the movement of &, the potential division 
repeats itself perfectly from time to time. 


* Publication approved by the Acting Director of the Bureau of Standards of the U. S. Department of Commerce. 
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ABSTRACTS 
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RADIUM LITERATURE 


ROENTGEN DIAGNOSIS 


HEAD 


SosMAN, Merritt C. XNanthomatosis (Schiiller- 
Christian’s disease; lipoid histiocytosis). ¥. 
Am. M. Ass., Jan. 9, 1932, 98, 110-117. 

Under the heading “‘xanthomatosis”’ are in- 

cluded five clinical entities, namely, Gaucher’s 

disease, involving chiefly the spleen, Niemann- 

Pick’s disease with hepatosplenomegaly, Schiil- 

ler-Christian’s disease involving especially the 

skeletal structures, xanthomatosis with cutane- 
ous deposits associated with icterus, diabetes 
and pregnancy, and essential xanthomatosis. 

Schiller-Christian’s svndrome has been re- 
ported by various authors but Rowland first 
described the bone change as due to disturbance 
of the lipoid metabolism in connection with the 
reticulo-endothelial system. The bone defects 
are associated with exophthalmos, diabetes in- 
sipidus, gingivitis, hypoplasia adiposo- 
genital dystrophy. The diagnosis is essentially 
roentgenologic. 

There is a tendency toward spontaneous re 
missions. Dietary measures, including low fat 
diets and various vitamins, have had variable 
success. Endocrine therapy has some beneficial 
effects on symptoms but is generally ineffectual. 
Roentgen therapy to the bone defects is uni- 
formly beneficial, a dose of from one-half to 
two-thirds of an erythema producing definite 
healing of the bone lesions as w ell as reduction 
in severity of other symptoms. New lesions may 
later form in treated or untreated areas. 

Six cases are reported making a total of 45 
now 1s the literature. Hall. 


Berre., G. 


intra ed extrasellari sulla base delle leggi di 


Della localizzazione delle ombre 


proiezione. (Localization of intrasellar and 
extrasellar shadows on the basis of the laws 
ot projection.) Arch. di radtol., IQ31,7, 1021 


10§ 


Shadows within the skull may be projected 
into different locations depending on the in- 
clination of the tube and the direction of the 
incident ray. Exostoses on the cranial bones, for 
example, may be projected into the sphenoidal 
cavity with the central ray perpendicular or 
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above the sella with a strong cranial inclination 
of the tube. Shadows may appear to be oste- 
omas of the sphenoidal sinus or calcifications 
within or above the sella depending on the posi- 
tion of the tube. Another law of projection that 
must be remembered by the roentgenologist is 
that when two objects lie one behind the other 
if the tube is displaced toward one side, the ob- 
ject closest to the focus will move more toward 
the opposite side than the one nearest the film. 
With an oblique projection the floor of the sella 
may appear to have a double outline and a 
shadow close to the floor may appear to be be- 
low it; generally this error can be rectified by 
finding the second outline below the object. Di- 
agrams are given showing the displacement of 
objects according to the various laws of pro- 
jection and illustrative cases are described. In 
general, an oblique projection of the sella is of 
greater diagnostic value than a perpendicular 
one. A complete examination requires one per- 
pendicular roentgenogram and one moderately 
oblique one (10-15°) on each side. The inclina- 
tion of the tube should be greater, the greater 
the distance between the focus and film as the 
amplitude of the displacement due to projec- 
tion is inversely proportional to the distance be- 
tween the film and focus.—A4udrey G. Morgan. 


NECK AND CHEST 


Mackin, CHARLES C, The dynamic bronchial 
tree. dm. Rev. Tuberc., March, 1932, 25, 393- 
417. 

The roentgen-ray method has been of par- 
ticular service in bringing to light the details of 
respiratory bronchial movements, which are 
inseparable from functioning pulmonic tissue. 
Lengthening with widening occurs in inspira- 
tion, and shortening with narrowing in expira- 
tion. The bronchial and “spokes” 
center in a “hub” or hilum, and in this there 
is an up-and-down shifting with respiratory 
movements, particularly obvious when breath- 


vascular 


ing is forcible. This shifting is made necessary 
because of the inequality in the expansion of 
the pleural cavity, the lung having to move to- 
wards the expanding anterolateral walls and 
Hoor, and away from the upper paravertebral 
region, in inspiration, and reversely in expira- 
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tion. If this translocation is interfered with, 
from stiffening of the root, the ventilation of 
the region of lung lying above and behind the 
hilum is adversely affected, and it is possible 
that in such a condition, arising, it may be, in 
early life, we have an outstanding etiological 
factor in the propensity of tuberculous lesions 
to occur in the posterosuperior lung district. 
Diagrams are used to illustrate the points 
made.— Author’ s abstract. 


Korat, Epuraim. The aetiology and mechanics 
of massive atelectasis. 4m. Rev. Tuberc., 
Sept., 1931, 24, 276-284. 

Massive atelectasis occurs only in patients 
confined to bed and is found, as a rule, in those 
obliged to recline in one certain posture. It 
can be prevented by frequent changes of pos- 
ture. 

In the recumbent posture the lungs are in a 
state of relative emphysema, and the force of 
inspiration is limited as the phase of inhalation 
begins with the lungs already largely inflated. 
In addition there is a diminished negative in- 
trapleural pressure and the decreased amplitude 
of respiration in the recumbent position has a 
slowing effect on the venous circulation by 
diminishing intrathoracic suction. In the re- 
cumbent posture, expiration is facilitated, but 
the vital capacity of the lungs is diminished, 
due to the deficient power of inspiration. If ex- 
piration is interfered with, as happens following 
surgical incision of the abdominal muscles, the 
vital capacity will be still lower. In the supine 
position, there is a decrease of vital capacity of 
from 3 to 1§ per cent. These factors favor the 
development of atelectasis, especially in the de- 
pendent and distal portions of the lungs. This 
disposition is especially noticeable in individu- 
als with enfeebled musculature, in cachexia, in 
infants and in cases of general weakness fol- 
lowing surgical shock. It is also seen following 
abdominal operations. The authors have also 
observed massive atelectasis in pulmonry tu- 
berculosis, in general paralysis, in circulatory 
failure and as a complication of acute infectious 
diseases. 

In prolonged recumbency on the side of the 
body, the recumbent lung becomes small and 
quite motionless and gives decreased resonance 
and feeble breath sounds, not unlike those of 
pleural effusion. Under such circumstances, 
pleurisy with effusion of empyema may be er- 
roneously diagnosed. For differential diagnosis, 
the patient should be rolled over on the other 
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side, as the atelectatic lung is thus likely to be- 
come inflated. 

In the atelectatic lung, there is an accumu- 
lation of fluid in the air passages and in addition 
there is an accumulation of normal and abnor- 
mal secretions, because there is no expiratory 
air to propel the secretions toward the tracheal 
bifurcation. Patients who maintain one type of 
posture will frequently refrain from coughing 
or deep breathing, due to pain, weakness or 
other reasons, thus resulting in the accumula- 
tions of secretions, which secretions occlude 
other communicating bronchi and thus cause 
the collapse of new areas. 

In massive atelectasis, dyspnea, cyanosis, 
rapid pulse and appearance of shock are the 
striking symptoms. The efficiency of the good 
lung is impaired by the functionless atelectatic 
lung, in that the respiratory passages in the 
latter add to the respiratory dead space. Under 
the fluoroscope, the affected lobe is seen to 
move upward with the ribs (paradoxical move- 
ment) and to become smaller with inspiration. 
During expiration, the lobe moves down and 
enlarges. The diaphragm may also go through 
paradoxical excursions. In the presence of ad- 
hesions preventing to and fro movement of the 
mediastinum, the paradoxical breathing will be 
less marked or even absent. Under such circum- 
stances, massive atelectasis may occur without 
symptoms. Paradoxical breathing is only possi 
ble when the main bronchus of the atelectatic 
lung remains patent. When the accumulated 
secretion fills a large bronchus and overflows 
into a large bronchus of an adjacent lobe, it 
thus shuts off the entire latter lobe from respira 
tion. It is at this time that examination dis 
closes the physical and roentgen signs of atelec 


tasis.—M. L. Allen. 


Go.tpBerG, B., and Gasut, B. M. Epituber 
culosis. .4m. Rev. 


285 -291. 


Tuberc., Sept. 1931, 2/, 


Epituberculosis may be defined as a specific 
infiltration of a large area of lung tissue on an 
allergic basis, etiologically characterized clini 
cally by subacute onset, mild symptoms and 
physical findings suggestive of consolidation, 
and characterized roentgenologically by a 
heavy, more or less homogeneous shadow den 
sity over the whole or greater part of the af- 
fected lobe. The mild onset, the benign course 
and the findings of consolidation are suggestive 
of the exudative and inflammatory processes 
incident to the phenomenon of allergy. Cases 
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are cited in which the infiltration of the lung 
followed a tuberculin reaction. 

In a recent article, the authors presented 10 
cases of epituberculosis which they had followed 
for over two years and from which they con- 
cluded that clinically these cases of epituber- 
culosis represented a definite entity and that 
in the great majority of instances they can be 
diagnosed and differentiated from tuberculous 
pneumonias and chronic, nonspecific pneu- 
monias. They state that pathologically epi- 
tuberculosis may, in some cases, represent a 
nonspecific collateral inflammation, in others a 
large atelectatic area, and in still others the 
infiltrate may be a definite tuberculous struc- 
ture which may go on either to calcification or 
to caseation and cavitation. 

The authors report a case of epituberculosis 
in a colored child which they studied clinically 
and roentgenologically for a period of seventeen 
months and which died and came to autopsy. 
The physical and roentgen evidence pointed to 
an epituberculous involvement of the entire 
right upper lobe. The child was not acutely 
ill, however, and the physical and roentgen 
signs gradually improved. Following a tuber- 
culin test, the patient developed a severe local, 
focal and general reaction, which caused an 
exacerbation of the disease, from which he 
died. The caseation of the 
right hilus lymph nodes, with erosions of the 
main branches of the bronchial tree, in the 
lower portion of the upper lobe. This caseation 
and spread gave rise to the occurrence of a 
generalized tuberculosis. 


autopsy showed 


Epituberculosis is characterized by a sub- 
acute onset, with symptoms less than one would 
expect from the roentgen evidence of the dis- 


ease. Under favorable conditions the lesion 

pursues a slow, gradual absorption.—M. L. 

Allen. 

Kates, Lewis H., and Beauper, EK. A. The 
healing of tuberculous cavities. ./m. Rev. 


Tuberc., June, 1931, 23, 690-701. 

The authors, taking exception to Pinner’s 
statement that the tuberculous cavity is the 
death sentence of the bearer, present a roentgen 
study of 120 suitable cases of pulmonary tuber- 
culosis with cavitation. The progress of these 
cases was studied by means of stereoroentgeno- 
grams made at three-month intervals. The 
cases studied were all inmates of the U. S. 
Veterans Bureau Hospital at Livermore, Cali- 
fornia. 
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The authors assert that tuberculous cavities 
heal by a separation of the caseous necrotic 
tissue, which may be expelled by means of a 
bronchus or is absorbed. The walls of the cavity 
develop granulation tissue, which in time con- 
tracts and thus brings the walls of the cavities 
together. This may result in the formation of a 
scar, which may be demonstrable roentgeno- 
logically or may completely disappear. Occa- 
sionally a cavity may be shut in by a fibrous 
capsule, which may obscure the original cavity 
in the roentgenogram. These latter type of cavi- 
ties were not included by the authors in their 
list of healed cavities. 

All of the authors’ cases which showed roent- 
gen signs of healing were associated with clini- 
cal improvement, such as the sputum becoming 
negative, the disappearance of cough and the 
improvement of general well-being. 

The authors classified the cavities they stud- 
ied as to size and number only, as (1) small, 
less than 2.5 cm. in diameter, (2) large, di- 
amter 2.5 cm. or more and (3) multiple, two or 
more cavities in one lung. The cases themselves 
were classified as minimal, moderately ad- 
vanced and far advanced cases of tuberculo- 
sis, sO as to show the effect of the amount of 
pulmonary involvement on the fate of cavi- 
ties. 

The studies showed that of the small cavities, 
66 per cent healed and 18 per cent became 
smaller. Of the large cavities, 23 per cent healed 
and 45 per cent became smaller, while of the 
multiple cavities, 32 per cent healed and 21 
per cent became smaller. In cases classified 
as minimal, 66 per cent of cavities healed, 
while in cases classified as moderately ad- 
vanced, 61 per cent of cavities healed. In cases 
classified as far advanced 
healed. 

Krom their studies, the authors conclude that 
the ability of cavities to heal depend on two 
factors: (1) the size of the cavity and (2) the 
amount of pulmonary involvement. The rest 
treatment seemed to be of greater importance 
in the healing of cavities than artificial pneumo- 
thorax, thoracoplasty and other surgical meas- 
ures. In bilateral cavitation, the prognosis is not 
good, as in only g.3 per cent of these cases did 
the cavities heal in both lungs. In the above 
series of cases, it was found that where the 
patient’s treatment was interrupted, 30 per cent 
of the cavities healed, while when hospitaliza- 
tion was continuous, 41 per cent of the cavities 


healed.—M. L. Allen. 
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per cent of cavities 
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E.oesser, L. Congenital cystic disease of the 
lung. Surg., Gynec. & Obst., March, 1931, 52, 
747-758. 

Eloesser believes that this condition is more 
common than is supposed. He was able to find 
only four observations in American literature 
published previous to this report; two by R. T. 
Miller, one by Pappenheimer and one of his 
own. The articles in the German and French 
literature relative to this condition were more 
numerous. 

Congenital cysts of the lung occur in two 
forms: one, the solitary cyst, and the other, 
cystic disease proper with a more or less diffuse 
cystic degeneration of portions of the lung of 
various size. 

Single solitary cysts lie within the paren- 
chyma of the lung and may be small or occupy 
an entire lobe. Cysts which do not communicate 
with a bronchus are usually silent, being found 
merely as a coincidence. If there is communica- 
tion with a bronchus and pus, instead of mucus, 
or air occurs in the cyst, the patient presents 
evidence of infection, and differentiation from 
empyema with a bronchial fistula is usually 
difficult. 

The solitary congenital cysts are most fre- 
quently confused with other cystic collections 
as echinococcus, interlobar empyema, or with 
dermoids and similar solitary tumors. The diff- 
culties of diagnosis of a single cyst may be 
great. Time, continued observation, constitu- 
tional signs of disease, complement fixation 
reactions in syphilis and echinococcus cysts, 
pulmonary tuberculosis elsewhere, aspiration 
and examination of the contents of the cysts 
and especially the findings at operation will 
usually solve the problem. The possibility 
should be borne in mind that any unusually ob- 
stinate large empyema cavity, which after 
operation shows no tendency to contract, may 
be not an empyema but a congenital cystic 
lung. 

The second form, cystic disease proper, vari- 
ously termed congenital bronchiectasis, honey- 
combed lung, etc., is possibly more frequent 
than the solitary cyst. In this form a whole or a 
part of one lobe, or even a whole lung may show 
various degrees of cystic degeneration, ranging 
from multiple miliary cysts scattered through a 
normal parenchyma to conversion of a lobe or 
of a whole lung into a huge multilocular or uni- 
locular cystic sac. 

Gramitz distinguishes two congenital cystic 
anomalies: a universal bronchiectasis in which a 
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main bronchus and all its side branches are 
dilated so that the main one forms a large cyst 
with many small cysts debauching into it, and 
a telangiectatic bronchiectasis in which the 
smaller bronchioles are cystically dilated, the 
dilatation sometimes being open, sometimes 
closed, sometimes strung one after the other on 
the thread of an occluded bronchus like beads. 

Recognition of cystic disease is not impossi- 
ble in forms sufficiently severe to produce symp- 
toms—in the milder ones, recognition is unim- 
portant. In the infantile form, unexplained, 
recurring, severe attacks of cyanosis and dysp 
nea with signs simulating pneumothorax, dis- 
placement of the mediastinum, hyperresonance, 
and absent breath sounds will arouse suspicions 
which the roentgen ray may confirm. A shadow 
across the air-filled chest corresponding to an 
interlobar fissure will permit of differentiation 
of a dilated cystic lung from pneumothorax. 
Miller has reported cystic disease in infants. 
The symptoms are caused by a sudden disten- 
tion of these congenital cysts with a displace- 


ment of the mediastinum and compression of 


the sound lung. 

Cystic disease in the adult may remain silent 
as long as the cysts are sterile and filled with 
mucus or air. When infection supervenes they 
present the picture of a widespread bronchiec 
tasis with cough, copious purulent sputum, 
dyspnea, sweats, and other constitutional symp 
toms. The chest wall of the affected side is re 
tracted. The retraction probably takes place in 
early childhood. 

Bronchoscopy may reveal anomalies of the 
bronchial tree. 

The roentgenogram may show a single large 
annular shadow if the cyst is empty, or a more 


or less globular area of density if it is full of 
liquid. The density of a single cyst, especially if 


more or less pneumonic infiltration accompanies 
it, may be not round but quadrilateral or wedge 


shaped, resembling interlobar collections of 


fluid. When the cysts are empty, multiple cystic 
disease appears as a network of honey-comb 
or grape-cluster-like shadows occupying part or 
whole of a lobe or even a whole lung. When they 
contain fluid or are infected, separate cysts are 
usually indistinguishable in the uniform gray 

ness of a surrounding acute or chronic pneu 

monic reaction. If the cysts communicate with 
a bronchus lipiodol injection demonstrates 
them beautifully, large or small areas of the 
lung field sprinkled with half-moon-shaped 
fluid levels. Larger dependent cysts may be 
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entirely filled. Cysts without a bronchial open- 
ing may be outlined in negative by the iodized 
oil which pours into the open bronchi surround- 
ing them but leaving the cyst itself blank. 

Multiple cysts of medium size are more easily 
recognized. Whether to consider them con- 
genital or acquired, and the expression of true 
congenital cystic disease, or of a severe acquired 
bronchiectasis, is an academic question that 
lobectomy or autopsy even is not able to settle 
conclusively. 

Three patients each with a whole lung con- 
nected into a series of pus containing sacs, the 
one apparently congenital, the second, syph- 
ilitic, the third, following an operation for 
hydrocele, presented exactly similar findings 
both at operation and in the roentgen examina- 
tion. It is impossible to say whether the syph- 
ilitic and the postoperative ones had latent 
cystic disease made manifest by the implanta- 
tion of infection, or whether the apparently 
congenital one was not like the others, ac quired 
and the result of a sinusitis or some other hid- 
den infectious process. 7. //. Vastine. 
Winerc, GUNNAR. A case of aneurysm of the 

heart. .dcta radiol., 


3. 


The author briefly reviews the cases of aneu- 
rysm of the heart diagnosed by roentgen exam- 
ination that have been reported in the litera 
ture, and concludes that aneurysms located at 
the apex or on the diaphragmatic surface of the 
heart are much harder to diagnose roentgen- 
ologically than those in other parts of the 
organ. He then describes a case of his own in 
which the aneurysm was not only correctly 
diagnosed by roentgen examination but was 
correctly localized at the apex of the left ven- 
tricle. Autopsy, however, showed another aneu- 
rysm higher up in the left ventricle that had not 
been diagnosed. This was contrary to the usual 
rule that aneurysms of the apex are harder to 
diagnose. The upper aneurysm simulated a 
very much enlarged left auricle. It is possible 
that if the examiner had thought of the possi 
bility of its existence he might have succeeded 
in getting a clearer picture of it in some other 
projection. —-.d/udrey G. Morgan. 

Henry, A., and Jauserr pe Beavujevu, A. 
Ia téléradiographie thoracique infantile en 
groupe. 


(Infantile thoracic teleroentgenog- 
raphy in 


Arch. A 


June, 1931, 39, 193-204. 


groups.) mMea., 
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The authors used teleroentgenography for 
the simultaneous chest examination of a group 
of children, who were placed in a semicircle 
around a roentgen tube occupying the center. 
The radius of the semicircle, that is, the skin 
target distance, was 3 meters, the roentgen 
cassettes which the children were holding 
against their chests being arranged tangentially 
to the circle. It was found that the useful rays 
extended to the vicinity of 85° of both the left 
and right end of the semicircle. The technique 
of exposure was as follows: 200,000 volts, Cool- 
idge air-cooled therapy tube, 1/30 of a second, 
the spark gap at the end of the tube amounting 
to 38 to 40cm. 

A total of 1g children five to seven years of 
age can be examined at the same time. The 27 
cases of the author, however, were arranged in 
three groups of 10, 10 and 7 respectively. Ac- 
cording to the findings obtained, they were 
classified into (a) normal, (4) doubtful and (c) 
diseased. 

The advantage of the above method consists 
in the fact that a comparative roentgen study 
of the chests of several children can be made 
under exactly identical conditions. This has a 
certain value in periodical examinations of 
school children inasmuch as it permits a rapid 
classification and separation of those who need 
an attentive medical surveillance and a more 
thorough examination. 

A brief résumé of the clinical histories and 
roentgen findings as well as reproductions of 
the roentgenograms in all 27 cases are included. 

T. Leucutta. 


ABDOMEN 


Dari’ Acqua, Vircitio. L’indagine radiologica 
del canale digerente mediante lo studio delle 
superfici mucose secondo il metodo del Berg. 
(The roentgen picture of the digestive tract 
shown by a study of the surface of the mu- 
cosa by Berg’s method.) Arch. di radiol., 


1931, 7, 1051-1071. 


The ordinary methods of roentgen examina- 
tion show the position, shape, motility and 
volume of the different parts of the digestive 
tract, their capacity for distention and the 
function of their walls, but they do not show 
the finer changes on the inner surface brought 
about by inflammation or the infiltration that 
takes place in the early stage of tumors. A 
method has been worked out of showing the 
finer configuration of the mucous membrane 
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by applying contrast medium in a thin layer so 
that it follows all the details of the mucous 
membrane relief. Berg and his school have per- 
fected this method to such an extent that a 
roentgen examination of the digestive tract 
cannot be considered complete without it. The 
details of the technique for the various parts of 
the digestive tract are described and illustra- 
tive roentgenograms given. 

By the use of this new method it is possible 
to demonstrate the various forms of gastritis 
roentgenologically, to show niches so slight 
that they are not shown by the ordinary 
method of distending the whole viscus with 
opaque paste, to demonstrate certain finer 
changes in ulcer such as the presence of “‘pali- 
sades” and convergence of the folds, to demon- 
strate tumors in the early stage and to deter- 
mine the limits of the infiltration accurately. 
Audrey G. Morgan. 


Quintino. Fistola digiuno-colica da 
ulcera digiunale in gastroenterostomizzat. 
(Jejunocolic fistula from jejunal ulcer after 
gastroenterostomy.) Arch. di radiol., 1931, 
7, 1086-1093. 

A patient of thirty-eight who had had a gas- 
troenterostomy performed two years before for 
ulcer of the duodenum began to have intense 
abdominal pain. This had been preceded by 
diarrhea and loss of weight. From time to time 
there was eructation of gas and fecal matter. 
A diagnosis of jejunocolic fistula was made on 
this history and confirmed by roentgen exami- 
nation, which showed the posterior gastro- 
enterostomy opening functioning freely. The 
pylorus was pervious but only a small amount 
of paste passed through it. There was a jejuno- 
colic fistula which became injected immediately 
and remained visible for several hours. It con- 
nected the efferent loop of the jejunum at about 
10-12 cm. from the anastomotic opening with a 
vertical tract of the colon in the left half of the 
hypochondrium, probably the right branch of 
the splenic flexure. The fistula was 2 to 5 cm. 
long. There was an opaque niche about the 
size of a cherry on the anterior wall of the ef- 
ferent loop of the jejunum where the fistula 
began. There was no pain on pressure over or 
around the niche. Six hours after the barium 
was given the stomach was empty but the 
whole colon was filled. Twenty-four hours later 
there were traces of barium in the stomach. 
Apparently there was retrograde passage of the 
opaque substance through the fistula into the 
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stomach. As the first portion of the duodenum 
filled very incompletely it was impossible to 
say whether the old ulcer was healed or not. 
Surgical operation confirmed the diagnosis. 
Audrey G. Morgan. 


Hinton, J. Wittiam. Acute perforated ulcers 
of the stomach and duodenum. Surg., Gyvec. 
& Obst., March, 1931, 52, 778-783. 

The author’s report covers 105 cases of per- 
forated gastric and duodenal ulcers seen at 
Bellevue Hospital. Twenty-five of these died. 
Kifty-nine per cent of the 105 cases had a previ 
ous history of gastric symptoms. The average 
age of his cases was fifty-three. Of the 80 pa 
tients which survived, a second operation was 
necessary in § due to persistent symptoms. The 
author stresses the necessity of good postopera- 
tive medical supervision and occasional check 
ing roentgenologically. 

A routine examination of the teeth is made 
roentgenologically and sinus films are made 
when there is any indication, in an effort to ex 
clude focal infection as a possible etiological 
factor.—¥. H. Vastine. 

Kirkux, B. R., and Bropers, ALBerr C. 
Roentgenologic and pathologic aspects of 
gastric polyposis. ‘7%. .dm. M. dss., Jan. 9, 
1932, 98, 95-99. 

Two groups of polyps are described, the one 
consisting of polyps with individual bases and 
the other of polyps closely grouped and arising 
from a common thickened plaque-like base. 
Gastric polyps may be associated with polyps 
of the intestines. They are primarily benign 
but may become malignant. 

Polyps usually produce symptoms of dis 
tress, anorexia, anemia and weakness, with loss 
of blood, which lead to a clinical diagnosis of 
cancer or ulcer.-The final diagnosis is roent 
genologic, for by careful study of the mucosal 
relief and filling defects as well as repetition of 
the examination to rule out food particles, the 
rather characteristic appearance of polyps can 
be found. Filling defects are smooth, and usu- 
ally multiple. Peristalsis is undisturbed and the 
gastric outline is, as a rule, normal. Nineteen 
cases are discussed... Hail. 


OcusNeER, Aron. Acute intestinal obstruction. 
Surg., Gynec. S Obst., March, 1931, 52, 702 


to 


912. 
The diagnosis is made largely on the basis 
of the symptoms corroborated by the history. 
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In acute high intestinal obstruction a diagnosis 
should be made before the condition has pro- 
gressed to such a degree that physical examina- 
tion is of value. The diagnosis of mechanical 
ileus is usually not difficult if the condition is 
only considered by the surgeon. The history of 
intermittent, colicky abdominal pain is indica- 
tive of obstruction to a hollow viscus. If there is 
a history of previous laparotomy, the possi- 
bility of an should be con- 
sidered. The presence of external herniae, the 
contents of which cannot be reduced, would 
facilitate a diagnosis of mechanical ileus. Post- 


“‘adhesion ileus” 


operative ileus may be of the adynamic or the 
mechanical variety. The diagnosis of an ileus 
developing postoperatively is relatively diffi- 
cult. As repeatedly emphasized by Ochsner, a 
patient in whom an intestinal obstruction is 
suspected should receive nothing by mouth, 
especially no cathartics. 

A valuable diagnostic procedure not suff- 
ciently appreciated is the roentgenography of 
the abdomen without the administration of con- 
trast substances. First advocated by Schwarz 
in Igtt, this procedure has become popular in 
the European continental clinics, but, unfortu- 
nately, is used relatively infrequently in the 
United States. Case has, however, been instru- 
mental in introducing this procedure into this 
country. As is duly appreciated by all surgeons, 
the administration of a contrast substance to a 
patient in whom an intestinal obstruction 1s 
suspected is not without danger. Not infre- 
quently be 
transformed into a complete obstruction as a 


an incomplete obstruction may 


result of the administration of an opaque meal. 
In suspected obstructions of the large bowel, it 
is, however, permissible and at times advisable 
to examine the large bowel by means of a con- 
trast enema. Roentgenography of the abdomen 
without the administration of a contrast sub- 
stance is, on the other hand, entirely without 
danger. Because of the increased secretion and 
diminished absorption from the gut proximal to 
a mechanical obstruction or in the loops of the 
gut in adynamic ileus, there 1s an accumulation 
of fluid and gas within the gut. As emphasized 
by Schwarz, Assmann, Case, and others, the 
presence of abnormally large collections of gas 
in the small bowel are indicative of some ob- 
struction. More significant, however, than the 
presence of gas in the intestine is the presence 
of numerous fluid levels in various parts of the 
abdomen, when the patient is examined in the 
erect position. The fluid contents of the intes- 
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tine assume a dependent position in the loop 
of gut and are “capped” by gas in the same 
loop. As this occurs in several loops, such multi- 
ple fluid levels can be demonstrated in various 
parts of the abdomen. Such a roentgenogram is 
pathognomonic of ileus.— ¥. H. Vastine. 


Grapo, Giusepre. Diverticoli del colon ed ap- 
pendici epiploiche. (Diverticula of the colon 
and appendices epiploicae.) 4rch. di radiol., 
1931, 7, 1140-1145. 

Diverticula of the large intestine do not 
cause any symptoms unless they become in- 
flamed and in that case, as the symptoms of 
diverticulitis are not characteristic, a diagnosis 
may be made of colitis, cystitis, cholecystitis or 
appendicitis, depending on the site and size of 
the diverticula. But while they cannot be diag- 
nosed clinically these diverticula can be demon- 
strated roentgenologically. 

The author describes a case in a woman of 
forty-five who had had obstinate constipation 
since childhood. She came for examination for 
remittent fever, pain in the right iliac fossa and 
hemorrhoids. There was also a soft fluctuating 
swelling in the right iliac fossa. Three roent- 
genograms were made sixteen, twenty and 
twenty-four hours after a barium meal. The 
last two showed club-like diverticula along the 
whole course of the transverse colon, the first 
part of which was dilated, but the rest con- 
tracted until it was filiform. Such diverticula 
are often not visible when the intestine is di- 
lated but when it is contracted as in this case 
they can be seen. Sometimes it is necessary to 
empty the colon in order to see them and in 
some cases they are hard to demonstrate be- 
cause they are filled with feces or because their 
openings into the intestine are occluded. 

Other cases of diverticula insinuated between 
the appendices epiploicae have been described. 
Such diverticula may be hernias of the mucous 
membrane through the musculature or they 
may be true diverticula made up of all three 
coats of the intestine. In this case there were 
probably changes in the musculature of the 
colon that had taken place gradually. As the 
transverse colon is covered throughout its 
course with peritoneum there is a point of 
least resistance at the attachment of the ap- 
pendices epiploicae which are really only extro- 
Hexions of the peritoneum.— 4udrey G. Morgan. 


Mock, Harry E. Infective granuloma: Non- 
specific chronic tumor-like productive inflam- 
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mations of the gastro-intestinal tract. Surg., 

Gynec. & Obst., March, 1931, 52, 672-689. 

Infective granulomata are tumor-like masses 
influenced to a certain extent by a low grade, 
nonspecific infection and characterized by a 
piling up of granulation tissue showing varying 
stages of necrosis, fibroblastic changes, an 
true scar tissue or reparative tissue growth. The 
author discusses the nonspecific inflammatory 
masses occurring in the gastrointestinal tract 
The more familiar specific granulomata as the 
gumma of syphilis, and the hyperplasias of 
tuberculosis, actinomycosis and anthrax are 
not included. 

The granulomata are usually sterile. The 
underlying cause being some interference with 
the blood supply. 

The etiological factors which predispose to 
the formation of infective granulomata are: (1) 
conditions existing within the gastrointestinal 
tract itself or its mesentery, as diverticulitis, 
ulcers, polypi, erosions due to foreign bodies or 
hard inspissated feces, hyperplastic colitis, etc.; 
(2) extra-peritoneal infections which may grad- 
ually spread to and involve the gastrointestinal 
tract, such as infected lymph nodes, constric- 
tion of hernial sac, etc.; (3) trauma—surgical 
accidents or extraneous injuries. These include 
ligatures or sutures which constrict and act as 
local interference to the blood supply, or su- 
tures which act as a foreign body, etc. 

Symptomatology. (1) Inflammatory type, mild 
abdominal pain, nausea and vomiting and local 
tenderness. Fever seldom over 100°F. Leucocy- 
tosis 12,000 to 15,000 with polymorphonuclears 
predominating. History of chronicity. 

(2) Obstructive type. The above findings in 
addition to cramp-like pains, constipation or 
obstipation. 

(3) Constitutional symptoms—loss of weight; 
anorexia; neuroses; etc. 

Roentgen examination usually reveals evi- 
dence of obstruction in the obstructive type, 
whereas this evidence is usually absent in the 
type giving inflammatory symptoms. Early 
roentgen examinations are frequently negative 
whereas later examinations in the same case 
reveal a defect or developing obstruction. The 
roentgen ray often only further confuses the 
diagnosis. On the other hand, escape of the 
barium into finger-like projections, pouches or 
pockets in the mass is very suggestive of granu- 
loma. Care must be used in selecting cases for 
examination by the opaque meal since a partial 
obstruction may become complete. 
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The diagnosis most frequently made _ pre- 
operatively in these cases is carcinoma. The 
roentgenologist should always bear this possi 
bility in mind when the roentgen findings sug- 
gest carcinoma. 

The treatment discussed is entirely surgical. 
In those cases in which surgical removal is not 
possible and with the favorable response of 
granulation tissue to irradiation in mind, the 
abstractor suggests this method of treatment as 
an alternative to complete surgical removal in 
selected cases.—f. H. Vastine. 


Devois. Granulations miliaires péritonéales 
enregistrées radiographiquement. (Peritoneal 
miliary granulations shown roentgenographi- 
cally.) Bull. et mém. Soc. de radiol. méd. di 
France, July, 1931, 79, 324-325. 


The author reports a case of Pott’s disease 
with right-sided coxalgia in a boy twelve years 
of age who later developed an insidious pneu- 
moperitoneal miliary tuberculosis. Roentgen 
films of the chest and abdomen clearly showed 
the presence of numerous miliary foci. The 
roentgen demonstration of miliary granulations 
within the abdomen is exceedingly rare, only 
one similar case having been found in the litera 
ture, that of Perotti, described under peritoneal 
calcicosis. In this case there was likewise a 
Pott’s disease and it was assumed that the 
peritoneal calcicosis was the result of a direct 
extension of the tuberculosis from the abscess 
to the peritoneum. In the author's case there 
can be no doubt that the dissemination ox 
curred on a hematogenic basis. Leucutia. 


OveruHo tt, RicHarp H. Bilary tract visualiza 
tion with radiopaque oils. Surg., Gynec. © 
Obst., Jan., 1931, 52, 92-97. 


In this article the author shows the value ot 


visualization of the biliary tract after operation 
by means of the injection of radiopaque oils. 
The knowledge derived from such a procedure 
is of value in determining the proper postopera- 
tive management of the case, such as determin 
ing the time for withdrawing the drainage tube 
and in giving a prognosis as to the probability 
of a persisting biliary fistula. The author bases 
his article on a study of 12 patients in the Uni 
versity of Pennsylvania Hospital, in all of which 
there was an injection of the biliary system 
with a radiopaque oil. 

The method of injection is as follows: During 
the second or third week after operation the 
patient is placed on an adjustable Huoroscopic 


| 

) 

; 

} 

| 

| 


Vo. XXIX, No. Abstracts of Roentgen 


table and the gallbladder drainage tube is then 
injected with i$ or 20 C.c. of campiodol (iodized 
rape seed oil). In a few cases brominol was used. 
Satisfactory visualization of the biliary tract 
was obtained with both of these media. In the 
presence of complete or partialobstructic yn of the 
common duct, the drainage tube was clamped 
following the injection and fluoroscopic exami- 
nations were made over a period of thirty to 
forty minutes. In no instance were there any 
untoward results following the injection. 

In patients in whom no obstruction to the 
emptying of the common duct existed, the cam- 
piodol passed through the duct and into the 
duodenum. When an obstruction existed in the 
common duct, this duct as well as the hepatic 
ducts promptly filled and were 


clearly visual- 
ized. The 


position, contour and size of these 
ducts were clearly determined. Incomplete ob- 
struction of the common duct was evidenced by 
a filling of the duct system with the expulsion 
of only a small amount of oil into the duo- 
denum. In one case, the author was able to see 
rhythmical contractions of the gallbladder 
which continued after the patient was asked to 
stop breathing. In another patient the tortuos- 
ity of the C\ stic duct due the valves of | leister 
was clearly outlined. In cases in which common 
duct obstruction had existed for a long time, a 
dilatation of 
strated. 


the hepatic ducts was demon- 


The article is well illustrated and the case 
reports are informatively written. From this 
series of cases, the author concludes that ro ent 
genoscopic exploration of the biliary tract is of 
definite value after operation. It clearly deter- 
mines the question of patency of the common 
duct and is an entirely safe procedure.—™. L. 


4 


Voticer, Lapistav. Die Leber und die Milz im 
Rontgenbilde. (The liver and spleen in the 
roentgenogram.) Fortschr. a. d. Geb. d. Rént- 
genstrahlen, Oct., 1931, £4, 452-458. 

By following the example of Radt the author 
has used at the Clinic of Dr. Pelnar, since the 
beginning of 1931, thorium dioxide sol (Hey- 
den) for the visualization of the liver and spleen. 
He injects a daily amount of 10 c.c. (more re- 
cently 20 to 30 ¢.c.) intravenously without or 
with an equi il amount of glucose solutions. The 
total dose amounts to S0 c.c. (§ injections of 
or two injections of 25 c.c. each). No 
untoward effects were observ ed. 


Ten cases in which the method was employed 
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are briefly described and illustrated with roent- 
genograms. In one of the cases the author suc- 
ceeded in associating the visualization of the 
spleen with a functional test, a maximum con- 
traction of the spleen having occurred within 
twenty-five minutes and a decontraction within 
fifty minutes following the injection of ad- 
renalin. 

The conclusion is reached that the method 
has a certain clinical diagnostic value and that 
it is entirely harmless. The only disadvantage 
is the rather cumbersome dosage (10 c.c. daily) 
which after further improvement will no doubt 
be eliminated.—T. Leucutia. 


GYNECOLOGY AND OBSTETRICS 


Rosperr Kenr. The diagnostic value 
of uterosalpingogt in _Pre- adolescent 


FINLEY, 


ovarian torsion. Surg., Gynec. & Obst., March, 
1931, 52, 723-731 


The author describes an ovarian tumor with 
torsion of the adnexa in a child nine years of 
age. The diagnosis was made preoperatively 
largely by uterosalpingography. The relative 
infrequency of a correct preoperative diagnosis 
is shown by the 1g similar cases collected from 
the literature in which a correct diagnosis was 
made preoperatively in only 2 cases. 


cubic centimeters of iodized oil were 


Three 
injected 
into the uterus and the diagnostic features of 
the examination were the spiral appearance of 
the tube, the crescentic displacement of the 
tube along the surface of the tumor and dis- 
placement of the uterus. Pneumoperitoneum 
combined with the uterosalpingography is of 
definite diagnostic value in these cases. 

The author states that he would expect no 
untoward results from this procedure, and the 
value of the information gained would more 
than compensate for any inconvenience which 
the examination would cause the patient.— 


H. Vastine. 
GENITOURINARY SYSTEM 


Macnusson, W. On meteorism in pyelography 
and on the passage of gas through the small 
intestine. Acta radiol., 1931, 12, 552-561. 


Marked meteorism is very common in pye- 
lography. It is rapid in onset and there is more 
or less marked gaseous distention of the stomach 
also. For this reason the author concludes that 
the gas is swallowed air and that it does not 
come from chemical decomposition in the in- 
testinal tract or from the blood by 


diffusion. 
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Investigation has shown that with the patient 
lying down, particularly on his left side, the gas 
rapidly passes into the small intestine. This ex- 
plains why intestinal flatulence is more com- 
mon in patients in bed than in those who are 
up. The author has studied the rapidity with 
which gas passes through the small intestine by 
inflating the stomach and filling the colon with 
opaque substance. He found that gas passes 
through the small intestine in about ten min- 
utes and that with the patient in a favorable 
position it passes through the whole of the 
digestive tract in half an hour. In an experi- 
ment on himself in which he inspired air into 
the esophagus with the glottis closed the au- 
thor found that about 3 of a liter of air could 
be introduced into the stomach in three min- 
utes. There is no reason therefore why this 
meteorism could not be due to swallowed air. 
Similar meteorism has also been seen in in- 
travenous pyelography and attacks of renal 
colic. Meteorism due to swallowed air has been 
demonstrated in dogs at the same time with 
polyuria resulting from intravenous injection 
of glucose. It would seem therefore that the 
swallowing of air may be caused by impulses 
from the urinary tract. Swallowed air probably 
is the cause of meteorism in other circum- 
stances than those discussed here.—.dudrey G. 
Morgan.’ 


DourMASHKIN, Ratpu L. The basis for man- 
agement of ureteral calculi. ¥. 4m. M. Ass., 
Jan. 23, 1932, 98, 276-283. 

A stone may be lodged in a ureter for a con- 
siderable length of time without seriously ham- 
pering kidney drainage, marked hydronephro- 
tic changes being rare during the first year of 
the disease. Urine may pass by stones of irregu- 
lar shape or containing grooves and complete 
obstruction may occur when the grooves are 
clogged. Stones may also act in ball valve 
fashion to cause intermittent stoppage. Even 
with complete obstruction some kidneys seem 
to cease secreting temporarily, thus preventing 
hydronephrosis. Routine injection of opaque 
solutions is a dangerous procedure because of 
the liability of producing severe infection in the 
presence of stasis. Intravenous pyelography 
should be used in every case of stone impaction. 

In acute cases cystoscopy and passage of a 
catheter is always indicated. A swollen mound 
may necessitate the use of fulguration. 

In chronic cases intraurethral manipulation 
is indicated unless the stone exceeds 1.2 cm. in 


Marcu, 1923 


width if near the ureteral orifice or 0.8 cm. if in 
the upper ureter. The author’s tunneled bougies 
or rubber bag catheters may be used to dilate 
the ureter or meatotomy may be indicated. 
Prolonged waiting is advisable in the case of 
stones situated low down and operation should 
be done on stones higher up only after several 
fruitless attempts at removal or when failure 
to move as noted by successive roentgenograms 
indicates encapsulation._-F.. Hall. 


SKELETAL SYSTEM 


BauMANn, Georce I. Absence of the cervical 
spine; Klippel-Feil syndrome. M. 
Jan. g, 1932, 98, 129-132. 


The condition discussed is a marked anomaly 
of the spine rather than a true absence of cervi 
cal segments. The author adds 6 cases to about 
30 found in the literature, his cases showing 
varying degrees of fusion, distortion and nu 
merical absence of vertebrae. The patients ex 
hibit a short neck, low hair line and limitation 
of motion. Variable symptoms are torticollis, 
mirror movement, facial deformity and dis 
turbance in deglutition or respiration. //’. 


Hall. 


Benepicr, Eopwarp B. Carcinoma in osteo 
myelitis. Surg., Gynec. S Obst., July, 1931, 
53, I-11. 

The author reviews the entire literature rela 
tive to the occurrence of carcinoma in osteo 
myelitis, going back to the first published 
paper on the subject, which was written in 1833 
by Caesar Hawkins of London, entitled “Cases 
of warty tumors in cicatrices.”” Since that time 
it has been recognized that carcinoma can de 
velop in old ulcers and sinuses, but in recent 
years little has been written on the subject. 

The author concludes that carcinoma is an 
exceedingly rare complication of osteomyelitis, 
only 12 cases having been found out of 2,4 
cases of osteomyelitis treated in the wards of 
the Massachusetts General Hospital. How 
ever, in a large clinic, its occurrence should be 
borne in mind. In 5 of the 12 cases which the 
author cites, the carcinoma was obvious on 
physical examination, while in the other cases 
it was diagnosed either by biopsy or by sub 
sequent pathological examination. 

In the 12 cases cited, the disease was con 
fined entirely to males, which is probably due 
to the fact that osteomyelitis is more common 
in the male sex. The tibia was involved in 8 of 
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the cases, the foot in 3 and the femur in one 
case. No cases of carcinoma were found de- 
veloping in osteomyelitis of the jaw, humerus, 
radius and ulna, hand or other scattered loca- 
tions. The typical history of these cases is some- 
what as follows: A man of middle age or after 
enters the hospital because of foul ulcers or 
sinuses, generally of the lower leg, thigh or foot. 
Pain is a prominent symptom. Not infrequently 
there is a history of trauma preceding the onset 
of the osteomyelitis. Usually surrounding the 
fistulous opening there is a fairly definite cauli- 
flower mass which leads to the diagnosis of 
carcinoma. In some cases, however, there may 
be no outward sign of malignant disease. In all 
suspicious cases a biopsy should be done and 
if carcinoma is found there is likelihood that 
the disease has spread inward along the tract 
and is involving the bone. Where there is no 
external evidence of malignancy, it may be im- 
possible to make a diagnosis until the osteo- 
myelitis cavity has been explored. In the few 
of the author’s cited cases which were examined 
roentgenologically, it was not always possible 
to make a diagnosis of malignancy. The treat- 
ment in g of the cases was amputation and in 
2 of the others a radical local excision of the 
growth Was done. Howey er. it seems wise to 
recommend amputation in most cases. The car 
cinoma in all of these cases is always of the 
epidermoid variety, indicating that it arises 
from the epithelium surrounding the sinus and 
grows inwardly along the wall of the fistulous 
tract. It seems probable that chronic irritation 
from the discharge of infectious material plays 
a part in the etiology of this type of carcinoma. 
\s the disease is ordinarily of the slow-growing 
epidermoid variety and usually without metas 
tasis to the groin, the prognosis under proper 
treatment is favorable. MM. 1. d/len. 


\Gostino. Studio radiologico sullo 
sviluppo della cavita sinoviale del ginocchio 
del’ uome. (Roentgen study of the dev elop 
ment of the synovial cavity of the knee in 
man.) .drch. di radtol., 1931, 7, 1072-1085. 


Porsio, 


The synovial cavity of the knee joint was 
studied by injecting a suspension of barium 
sulphate and taking roentgenograms, using the 
bodies of fetuses from the third to the ninth 
mouth of intrauterine life and of individuals 
from birth up to eighty vears of age. The 
synovial cavity of the knee in the fetus and 
infant is limited to the condyles of the femur. 


In the child and adult it extends beneath the 
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quadriceps muscle. In the first two years of 
post-natal life the posterior part of the synovial 
cavity develops rapidly and forms the sub- 
popliteal diverticulum. This diverticulum com- 
municates directly with the suprameniscal and 
submeniscal parts of the synovial cavity. Some- 
times it communicates directly only with the 
submeniscal part, of which it forms a diverticu- 
lum. Sometimes there are small diverticula in 
the anterior and inferior part of the synovial 
cavity which extend in front of the tibia. In the 
last two months of intrauterine life the sub- 
meniscal part of the synovial cavity extends 
farther forward than the suprameniscal part 
but in extrauterine life the suprameniscal part 
is more prominent than the submeniscal. In the 
adult the subpopliteal diverticulum is much 
more highly developed than it is in the infant. 
The weakest part of the synovial cavity is at 
the apex of the subquadricipital diverticulum. 
Audrey G. Morgan. 


Bozzerii, Giuseppe. Le esostosi cartilaginee 
multiple. (Multiple cartilaginous exostoses.) 
Arch. di radiol., 1931, 7, 1126-11 3g. 

A patient aged twenty-seven was examined 
for tuberculous caries of the dorsal spinal 
column. He said that he had since childhood 
had hard nodules on the inner and outer sides 
of the condyles of the femur and tibia which 
had never caused any pain. Roentgen examina- 
tion showed multiple cartilaginous exostoses at 
these sites on both sides and also at the upper 
metaphyses of both humeri. There were no con- 
genital changes of the spinal column. Three of 
his brothers were then examined and all showed 
multiple cartilaginous exostoses of the femurs, 
tibiae and humeri. One of the brothers had 
been exempted from military service because 
the exostoses of the humeri interfered with the 
movements of his arms. 

Roentgenograms taken during the period of 
growth in such cases show shadows much smal- 
ler than the excrescences felt on palpation, as 
only the centers are ossified and the peripheral 
cartilage is still transparent. Later after growth 
is complete and ossification has taken place the 
roentgen picture and the palpation findings cor- 
respond. When they are completely developed 
their structure is similar to that of normal bone. 
They may be entirely symptomless or they 
may cause pain and limitation of movement. 
They are evidently caused by a congenital 
anomaly in growth of the epiphyseal cartilages 
but the ultimate cause of this anomaly is not 
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known. Rickets and tuberculosis have been 
blamed and are frequently found in the history 
but they are not the ultimate cause of the con- 
dition.— Audrey G. Morgan. 


Novati, G. Catcut. Su di un caso di cifosi 
dorsale degli adolescenti (Scheuermann) con 
sindrome psichica di Citelli. (A case of dorsal 
juvenile kyphosis (Scheuermann) with Citel- 
li’s psychic syndrome.) Arch. di radiol., 1931, 
7, 1146-1160. 

A case is described in a blacksmith sixteen 
years of age. He had a marked dorsal kyphosis 
extending from the 7th cervical vertebra to 
the first lumbar with the apex of the curve at 
the gth to 1oth dorsal. He had always been dull 
in school and had to repeat most of the grades 
once or twice. He was somnolent and became 
fatigued very quickly at his work. He had an 
adenoid facies, slept with his mouth open and 
snored. This was evidently a juvenile kyphosis 
of the Scheuermann-Schmorl type which causes 
a rigid spine and is brought about by changes 
in the intervertebral fibrocartilages. It almost 
always occurs in young persons who are doing 
hard physical work. 

The psychic changes were those of the hypo- 
physeal syndrome which Citelli says occurs in 
70 per cent of cases of adenoids. The hypophy- 
sis is also known to affect bone growth, and the 
author suggests the possibility that both the 
juvenile kyphosis and the psychic syndrome in 
this case may have been caused by changes in 
the hypophysis brought about by the adenoids. 

-dudrey G. Morgan. 


Burman, M. S., and Lapipus, Paut W. The 
functional disturbances caused by the in- 
constant bones and sesamoids of the foot. 
Arch. Surg., June, 1931, 22, 936-975. 

The authors’ study is based on a series of 
1,000 roentgenograms of the foot. The number 
of patients was $96 and of these, 336 case his- 
tories were available for study. The following 
inconstant bones and sesamoids were con- 
sidered: the os trigonum; accessory scaphoid 
or os tibiale externum; os perineum; styloid 
epiphysis and os vesalianum; os intermeta- 
tarseum; calcaneus secondarius (and calcaneo- 
navicular fusion); os supranaviculare; second- 
ary astragalus; os paracuneiforme; os sub- 
tibiale; bipartite internal cuneiform, bipartite 
cuboid, os proprium sustentaculi; cuboides se- 
cundarius, os unci; constant sesamoids of the 
great toe, and inconstant sesamoids of other 
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toes. They think the name, inconstant bones, 
is more appropriate than accessory bones, since 
every one of these bones has a separate car- 
tilaginous center, preformed in the human em- 
bryo as early as the second or third month of 
fetal life, as proved by Bardeleben and others. 
The majority of authors agree that these bones 
are to be considered as rudimentary elements 
inherited from the lower animals and present 
only in a more or less limited number of human 
feet. 

Burman and Lapidus show a diagrammatic 
plan of the foot which shows the location of 
these bones when present, very clearly. Several 
of these, namely, the os supranaviculare and 
the secondary astragalus, are best seen in the 
lateral roentgenograms. The os trigonum has 
little functional significance. Fracture of the 
free os trigonum is rare and seems to be im- 
possible. The so-called Shepherd’s fracture (pos- 
terior fracture of the astragalus) is really only 
the free os trigonum. The consideration of sym- 
metrical bilaterality is not an important point 
in the determination of fracture of the os tri- 
gonum. It is possible to find a fracture of a large 
posterior process of the astragalus, the de- 
tached fragment simulating a free os trigonum. 
Isolated disease of the bones is rare, one case 
of osteomyelitis having been reported. Oc- 
casionally arthritic disease may occur. Tumor 
of the os trigonum has never been reported. 

Only the very large accessory scaphoid gives 
rise to functional disturbance of the foot. The 
local effects are due to the projection of the 
bone, medially or posteromedially. Surgical re- 
moval has sometimes been practiced. Fracture 
of the tuberosity of the scaphoid is rare but 
when it occurs, the detached fragment re 
sembles the accessory scaphoid. Serration of the 
fragment or associated fracture of other bones 
are points that may be of service in the differ- 
ential diagnosis. Arthitis of the line of articula- 
tion between the accessory scaphoid and the 
scaphoid is not unusual, shown in the roent- 
genogram by a haziness and irregularity of the 
joint surfaces. Epiphysitis of the accessory bone 
may occur. Tumor has not been reported. Krom 
the orthopedic standpoint the chief interest 
in the presence of the large accessory scaphoid 
is its relation to flat feet. The authors believe 
as a rule the accessory scaphoid should not be 
removed. Only the very large ones causing func- 
tional disturbance should be treated surgically 
by removal. Tumor has never been reported. 

The os peroneum, wrongly called a sesamoid 
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in the tendon of the peroneus longus, has sel- 
dom been considered as a factor in the produc- 
tion of tarsalgia. Its bipartite character has 
often been noted. Burman and Lapidus draw 
attention to a syndrome, the patient complain- 
ing of sharp pain along the outer border of the 
foot, a variable distance behind the styloid 
process of the fifth metatarsal bone. They give 
a detailed account of all symptoms noted by 
them in 4 cases. The roentgenograms in these 
cases showed a multipartite os peroneum. They 
hesitate to call these cases fractures of the os 
peroneum. Isolated disease of this bone has not 
been described. 

They consider that the question whether 
there is such a bone as the os vesalium has not 
been definitely answered. The styloid epiphysis 
of the fifth metatarsal is not the os vesalium. 
Diseases of this epiphysis are rare. Iselin has 
described an epiphysitis of this center. A short 
account of the controversy over the existence 
of the os vesalium is given, and the authors con- 
clude that any practical importance attaching 
to the bone, if it exists, lies not so much in its 
rarity as in distinguishing it from fracture of 
the tuberosity of the fifth metatarsal bone. 

The os metatarseum is located between the 
bases of the first and second metatarsals and 
this may make its v difficult in the 
roentgenogram. A dorsally placed bone may be 


visibility 


seen occasionally in the lateral view, and should 


not be mistaken for an exostosis. 


arthritic 
Functionally it is relatively unimportant. It 
may sometimes form a dorsal and painful promi 
nence. 

The calcaneus secundarius becomes impor- 
tant in disturbing the statics of the foot only 
when fused, either by fibrous or bony union to 
both the navicular the 


and calcaneus cal 


caneonavicular fusion. The symptomatology of 


such fusion 1s fully described; it varies with the 
degree and duration of the flat foot deformity 
which it causes. Burman and Lapidus believe a 
simple mechanical explanation is the best for 
the causation of this detormity. 

The os paracuneite me is located between the 
scaphoid and the inner cuneiform bone. Carlier 
and Cameron have described cases in which 
the bone was noted as a projection on the inner 
side of the foot. The os supranaviculare is lo- 
cated between the dorsal aspect of the scaphoid 
and the astragalus, usually articulating with 
the latter, though it may also fuse with the 
astragalus. It is to be differentiated from frac- 
ture of the superior surface of the scaphoid. 
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The secondary astragalus is round and is lo- 
cated just behind and above the head of the 
astragalus. It may be fused or free and no func- 
tional disturbance is attributed to this bone. 
The os subtibiale is an unusual, pea-sized, ac- 
cessory bone located on the medial aspect of the 
foot, just below the internal malleolus, anterior 
to the astragalar facet. It may closely resemble 
a fracture of the internal malleolus. It may be 
bilaterally present. The divided inner cuneti- 
form and the os intercuneiforme have no func- 
tional significance. 

The sesamoids of the great toe are some- 
times the site of an osteochondropathy, but 
this as a clinical entity still rests upon insecure 
grounds. Congenital division of these sesamoids 
may occur. Fracture is not common. Arthritis 
is often seen, especially in connection with 
arthritis of the joint of the great toe. The 
arthritic exostosis may be joined to a similar 
exostosis on the second metatarsal. Periostitis 
of the sesamoids may occur. Osteomyelitis and 
tumor have apparently not been reported. 

The authors conclude that changes due to the 
inconstant bones of the foot and the sesamoids 
are not many, but they are important in com- 
pensation work, especially in view of the fact 
that about 75 per cent of feet present such 
anomalies. The inconstant bones seldom dis- 
turb the statics of the foot.—R. 8. Bromer. 


Vocr, Epwarp C. Roentgenologic diagnosis of 
lead poisoning in infants and children. 7. 
Am. M. Ass., Jan. 9, 1932, 98, 125-129. 

Lead poisoning is considerably more frequent 
than usually supposed, being often unrecog- 
nized. The age of the patient is usually one to 
two years; the source of infection, paint from 
toys and woodwork; the symptoms, neurologic 
and gastrointestinal. The diagnosis 1s made 
from the history of a possible source of lead in- 
gestion and the roentgenologic finding of a 
dense band in the growing portion of the bone. 
The band is more marked at the epiphyseal 
lines of the long bones and at the ends of the 
ribs. The width of the band is in proportion to 
the length and intensity of exposure to the 
metal. Complete resolution with disappearance 
of the dense bands results from proper treat- 
ment. Other heavy metals and phosphorus 
may give similar lines, but the chief errorin 
diagnosis is to mistake the lead deposits for 
healed rickets. The clinical picture aids in 
differentiating lead poisoning from rickets.— 


E.W. Hall. 
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ROENTGEN AND RADIUM 
THERAPY 


PALTRINIERI, GIOVANNI. Roentgenterapia dell’- 
idrocefalo cronico acquisito. (Roentgen ther- 
apy of acquired chronic hydrocephalus.) 
Radiol. med., Dec., 1931, 78, 1§95—1613. 
Seven cases of acquired chronic hydrocepha- 

lus treated by roentgen irradiation are de- 

scribed and illustrated by roentgenograms. 

Most of them improved clinically and some 

were even cured, but the intracranial pressure 

after treatment was almost exactly the same 
as it had been before. The author believes, 
therefore, that the effect of irradiation is not 
merely to regulate the production of cere- 
brospinal fluid but that it acts on the unknown 
cause of hydrocephalus which is probably an 
inflammation of some kind. The increased in- 
tracranial pressure is only a symptom of the 
inflammation, caused probably by exaggerated 
tonus of the meninges. The improvement after 
roentgen irradiation is due to the action of the 
rays on the infammation and not to the me- 
chanical effect of decreased tension. He be- 
lieves, too, that the exaggeration of the digital 
impressions in hydrocephalus from serous men- 
ingitis is caused by an acute atrophy of the 
Sudeck. type rather than by hypertension. 
Audrey G. Morgan. 


Feuix. Uber die Verdnderungen des 
Grundumsatzes und des vegetativen Nerven- 
systems bei den Funktionsanomalien der 
weiblichen Geschlechtsorgane und ihre Ront- 
genbehandlung. (Changes in basal metab- 
olism and the vegetative nervous system in 
functional anomalies of the female sexual 
organs and their roentgen treatment.) S¢rah- 
lentherapie, Ig31, §59-599. 

Typical cases of amenorrhea, oligomenor- 
rhea, dysmenorrhea, metropathies, climacteric 
and premature climacteric, and operative and 
roentgen castration are described briefly. In 
women with amenorrhea and oligomenorrhea 
there are often changes in basal metabolism, 
most frequently an increase. In long-continued 
amenorrhea there is sometimes a decrease. In 
irreparable loss of ovarian function, as in cas- 
tration, hypothyroidism seems to be frequent; 
if hyperthyroidism occurs it is apt to be trans- 
itory and amenable to treatment. An increase 
of true adrenalin sensitiveness is an almost con- 
stant symptom of this disturbance. The so- 
called substitution treatment is not always suc- 
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cessful. Stimulant irradiation is more effective, 
and in hyperthyroidism thyroid treatment. 
Any improvement in general condition is ac- 
companied by a change in the adrenalin reac- 
tion, but basal metabolism does not always be- 
come normal. Amenorrhea is often accom- 
panied by sterility. It can frequently be over- 
come by diathermy. 

In dysmenorrhea there is often a moderate 
increase of basal metabolism and adrenalin sen- 
sitiveness; if there is hyperthyroidism irradia- 
tion of the thyroid is effective. In juvenile 
metropathies there is often decrease or increase 
of basal metabolism and increased adrenalin 
sensitiveness. In cured cases basal metabolism 
very frequently returns to normal and ad 
renalin sensitiveness runs parallel with increase 
or decrease of the symptoms. The hemorrhage 
and nervous symptoms are often favorably af 
fected by irradiation of the thyroid. - 

In the natural climacteric basal metabolism 
is often increased or decreased; there is no 
great change in adrenalin sensitiveness. Ir 
radiation of the thyroid is an excellent treat- 
ment for the signs of loss of function. Hypo- 
thyroidism was found in cases in which opera 
tive castration had been performed a long time 
before; in one case there was severe Basedow’s 
disease with great increase of basal metabolism. 
After roentgen castration there was often de 
creased basal metabolism but rarely any change 
in adrenalin sensitiveness. Immediately after 
irradiation basal metabolism was increased in 
several cases. In myoma, adrenalin sensitive- 
ness and basal metabolism were sometimes 
increased even without treatment. This shows 
that the tumor itself may cause considerable 
changes in the organism. 

Krom his experience the author divides dis 
turbances of the female sexual organs into two 
groups. Permanent amenorrhea and operative 
and roentgen castration are characterized by a 
decrease of basal metabolism and hypothyroid 
ism, while in oligomenorrhea, dysmenorrhea 
and juvenile metropathies an increase of ad 
renalin sensitiveness is characteristic. In the 
first group there is hypo-ovarianism which is 
generally accompanied by hypothyroidism; in 
the second group there is only ovarian dys 
function which may be accompanied by hypo 
thyroidism but more frequently shows hyper- 
thyroidism. 

Adrenalin sensitiveness is a good indicator 
of endocrine condition, as it almost always 
changes with improvement or exacerbation of 
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the condition. Determination of basal metab- 
olism is important in treatment as it shows the 
cases that can be influenced by thyroid treat- 
ment. For this reason it is important to de- 
termine basal metabolism in every case of dis- 
turbance of female genital function.— Audrey 
G. Morgan. 


ZIMMERN, A., Cuavany, J.-A., Brunet, R., 
and SCHLISSINGER. Syndrome algo-asphy- 
xique unilatéral des doigts avec gangréne 
cutance débutante guéri par la radiothérapie 
de la région surrénale. (Unilateral algo-as- 
phyxique syndrome of the fingers with begin- 
ning cutaneous gangrene cured by radio- 
therapy of the suprarenal region.) Bu/l/. et 
mém. de radiol. méd. de France, June, 


O31, JO, 


SOC. 


The authors briefly describe a case which 
does not belong to the group of true Ray- 
naud’s disease, although the patient suffered 
intolerable pain for a period of several months 
localized to the ends of the fingers of the right 
hand with cyanosis and beginning superficial 
sphacelation of the end of the index and middle 
finger. Following semi-penetrating roentgen 
therapy over the suprarenal region (6 seances 
of 2H per field, with § mm. Al every second day, 
the series being repeated two weeks later) there 
was complete alleviation of the symptoms with 
healing of the sphacelation.-T. Leucutia. 
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Porcuer. Un cas particulier¢ément grave de 


ZIMMERN, BERGER, PAISSEAt 
thrombo-ang¢ite oblitérante guéri par la ra- 
diothérapie surrénale. (A particularly grave 
case of thrombo-angiitis obliterans healed 
by suprarenal radiotherapy.) Bu//. et mém. 


Soc. de radtol. méd. de France, June, 1931, 79, 


te 


This case represents a Buerger type of ob- 
literating thrombo-angiitis in which suprarenal 
roentgen therapy (with a technique similar to 
that used above) led to marked benefit. Be- 
cause of the very acute and progressive char- 
acter of the gangrene, first an amputation was 
performed, but the stump failed to heal, the 
gangrene spreading upwards. Later roentgen 
therapy was instituted and after demarcation 
of the process a second smaller amputation led 


to complete healing. -T. Leucutia. 


ZIMMERN, A., Cuavany, J. A., and Bruner, R. 
la radiothérapie surrénale dans les gan- 
grenes seches. (Suprarenal radiotherapy in 
dry gangrene.) ¥. de radiol. et 


a elec trol., 
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July, 1931, 75, 327-331. Also Presse méd., 

July 15, 1931, 39, 1061-1066. 

As is well known, dry gangrene may occur in 
old age as a result of atheromatous lesions of the 
peripheric arteries and in young persons as a 
complication of diabetes, Raynaud’s disease 
and especially of thrombo-angiitis obliterans or 
Buerger’s disease. In the latter group uni- 
lateral suprarenalectomy, which has been prac- 
tised for the past ten years, has often led to 
satisfactory results. Based on the same princi- 
ple, the authors more recently employed roent- 
gen therapy of the suprarenal region with some 
equally satisfactory benefit. There is often im- 
provement immediately following the adminis- 
tration of the first treatment consisting in at- 
tenuation of the diffuse cyanosis, return of the 
rose color of the normal skin, warming up of the 
asphyctic region and rapid demarcation of the 
gangrene. In case of advanced necrosis roent- 
gen therapy generally arrests the progress both 
on the surface and in the depth. 

The technique is that described by Zimmern 
and Cottenot in 1tg12 for the treatment of 
hypertensions. In order to include the rich 
para- and prevertebral sympathetic plexus 
within the field of irradiation, two circular sym- 
metrical areas are used, the roentgen beams 
being directed from backward forward and 
from outward inward with their axes inter- 
secting in front of the lumbar vertebrae. The 
areas are 10 cm. in diameter, centered over the 
12th rib; 130,000 volts, 5 mm. Al filter, 400 to 
soo R on the skin per seance and per area, a 
series consisting of 4 seances, given overa 
period of 8 to 10 days, an interval of 15 to 20. 
days being allowed between the series. 

The authors have treated 12 cases. Eight of 
these are briefly described in the text, some 
beautiful colored photographs being used for 
the illustration of the results obtained. 

In analyzing the effect of the roentgen rays, 
the authors express the opinion that there must 
be an action both on the suprarenals and on 
the sympathetic system, the very intimate 
anatomic and functional liaison of these two 
systems being now well established.—T. Leu- 
cutta, 


Dipite, J. Note sur les effets analgésiques des 
irradiations peu filtrées des carrefours vascu- 
laires. (Note on the analgesic effect of lightly 
filtered radiations on the vascular quad- 
rants.) Bull. et mém. Soc. de radiol. méd. de 


France, March, 1931, 79, 88-93. 
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Functional sympathetic roentgen therapy 
for the analgesic effect has proved of great 
value. The author briefly enumerates 9 cases in 
which good results were obtained with the fol- 
lowing technique: 30cm. spark gap; 22 cm. skin 
target distance; 1 mm. Al; 250 to 300 R; 2 to 3 
minutes; one to three seances at several days’ 
intervals. The most commonly irradiated fields 
were the cubital region, axilla, popliteal space, 
triangle of Scarpa, submaxillary region, etc. It 
is advised that functional sympathetic irradia- 
tion be tried in every instance before resorting 
to sympathectomy.—T. Leucutia. 


LanGeron, L., Desptars, R. and Béra, J. 
Documents cliniques concernant |’action de 
la radiothérapie de la région surrénale dans le 
traitement du diabéte sucré. (Clinical docu- 
ments concerning the action of radiotherapy 
of the suprarenal region in the treatment of 
diabetes mellitus.) Presse méd., Nov. 21, 1931, 
39, 1709-1711. 

The authors published several articles on the 
effect of roentgen irradiation of the suprarenal 
region on glycosuria and glycemia, giving 
therein their detailed technique of exposure (see 
former abstracts in this Journal). Since then 
it has been found that irradiation of other parts 
of the body leads to a similar effect, indicating 
that the action is most probably through the 
intermediary of the sympathetic system. 

In the present article the authors briefly de- 
scribe 11 cases, arriving at the following con- 
clusion: roentgen irradiation of the suprarenal 
regions leads to decrease of the glycosuria in 
diabetes of moderate intensity whereas in the 
advanced cases in which acidosis has already 
set in the results are nil or the treatment may 
even lead to aggravation of the acidosis and 
glycosuria.—T. Leucutia. 


Bertrranb and Lapeav. Rapport sur “‘le traite- 
ment radiothérapique de l’angine de _ poi- 
trine.”” (Report on the radiation treatment of 
angina pectoris.) Bull. et mém. Soc. de radiol. 
méd. de France, March, 1931, 79, 126-131. 
Three methods are used for the treatment of 

angina pectoris. 

(1) The method of Nemours-Auguste and 
Barrieu, which consists in the irradiation of the 
cardiac area through three fields of 10X 10 cm., 
one anterior and two posterior, 25 cm. spark 
gap, 2 ma., 7 mm. Al, 30 cm. skin target dis- 
tance, 20 minutes, three seances per week, one 
single field per seance. Later this method was 
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somewhat changed by using five fields of entry: 
one, left second intercostal space, internal part; 
one, left fifth intercostal space, somewhat more 
laterally; one, right second intercostal space, 
internal part; one, third dorsal vertebra, and 
one, sixth dorsal vertebra. 

(2) Method of Arillaga, which consists in the 
irradiation of the cardiac area through two 
fields of entry, one anterior and one posterior of 
10X15 cm. each, the upper limit of the fields 
coinciding with the seventh cervical vertebra; 
0.154 A, 175 kv., § ma., 40 cm. skin target dis 
tance, 0.§ mm. Cu and i mm. Al as filters, daily 
seances, one field per seance, one series includ 
ing six to ten seances, dose of 3.528 R per field. 
Repetition if necessary within forty days. 

(3) Method of Marchal, which has a tech 
nique somewhat similar to that of Nemours 
Auguste, except that the irradiation is com 
menced with short seances of § minutes, and 
gradually augmented until at the tenth seance 
the fourth per field it reaches 20 minutes; 25 
cm. spark gap, 2 ma., § to 7 mm. Al, 30 cm. 
skin target distance, three fields, two anterior 
and one posterior, three seances per week, one 
field per seance. 

Nemours-Auguste treated $1 cases, with 31 
cures, 8 ameliorations, ¢ failures, one incom 
plete treatment and 6 deaths during treatment. 
Arillaga treated 8 cases, with marked ameliora 
tion in every one. Marchal likewise reported 
amelioration in several cases. 

The authors personally treated 7 cases, using 
the five-fleld method of Nemours-Auguste. A 
cure was obtained in 6 cases, the longest being 
of eighteen months’ duration. 

The conclusion is reached that roentgen 
therapy is of considerable value in the treat 
ment of angina pectoris..-T. Leucutia. 


pe DziemBowskl, S. Sur la valeur de quelques 
méthodes auxiliaires du traitement radio 
logique des néoplasmes et sur le role du traite 
ment biologique. (On the value of some aux 
iliary methods of radiologic treatment of neo 
plasms and on the role of the biologic treat 
ment.) ¥. de radiol. et d’électrol., Oct., 1931, 
15, 561 564. 
The number of auxiliary methods used in 

conjunction with radiation therapy of neo 

plasms is considerable. To take, for example, 


the chemical substances alone, not less than 2< 
preparations have already been used. The au 
thor has for several years endeavored to estalh 
lish the effect of some of the auxiliary methods 


: 
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on the results obtained by radiation therapy 
Thus he has tried diathermy, the injection of 
glucose, the application of arsenical and iodine 
preparations, the protein therapy (according 
to Werner), the local applications of fermenta- 
tive substances (Pregl), the injections of auto- 
lysates of the neoplasms or of specific serums 
and the intravenous injection of isaminum 
ceruleum, but found that the results were quite 
uncertain. 

Three years ago he started to use the auto- 
transfusion or transfusion of blood prelimin- 
arily treated by roentgen rays, in conjunction 
with radiation therapy, the technique being as 
follows: 100 c.c. of blood is taken by puncture 
of the cubital vein in a glass container and a 
sufficient quantity of sodium citrate solution 
is added to prevent coagulation. After irradia- 
tion (with 1so r, 120 kv. max., | mm. Al filter, 
3 ma., 23 cm. distance) the blood is immedi- 
ately re-injected into the peritumoral region or, 
if possible, intratumorally. In case of deep- 
seated lesions, the injection is made subcu- 
taneously or intramuscularly. Following this, 
radiation therapy is given in the routine man- 
ner. 

The method has already been employed in 
about 130 cases and the results obtained were 
surprisingly good when compared with those of 
similar cases treated by irradiation alone. It is 
too soon, however, to form an opinion concern- 
ing the final outcome. Several theories are ad- 
vanced to explain the effect on the tumor. 
T. Leucutia. 


Brevor, J. Les méthodes mixtes dans le traite- 
ment des épithéliomas cutanés: Association 
du raclage, de l’électro-coagulation, de |’élec- 
trolyse et de la radiothérapie. (Mixed 
methods in the treatment of cutaneous epi- 
theliomas: association of curettage, electro- 
coagulation, electrolysis and radiotherapy.) 
7. de radiol. et a’ électrol., July, 1931, 75, 345 
x6 


Roentgen therapy alone leads to satisfactory 
results in a great number of the cutaneous 
epitheliomas, although rather large doses of 
penetrating and filtered rays must be used to 
bring about the complete resorption of the neo- 
plastic elements. Certain epitheliomas, how- 
ever, as for example, those containing pearls, 
and some intermediary forms are resistant to 
roentgen therapy. The same applies to post- 
operative recurrences and lesions previously 
treated with insufficient or poorly applied ra- 
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diation. It seems that in all these instances the 
combination of roentgen therapy with certain 
other methods (this procedure being called by 
the author and Brocq the ‘‘mixed methods”) 
leads to more satisfactory results. 

During the past twenty-eight years the au- 
thor has treated about 12,000 cases of cu- 
taneous epitheliomas and from these he has 
gained the conviction that a single method is 
not sufficient in all instances but that a choice 
of several methods is often necessary. 

The author proceeds as follows: If the lesion 
is superficial and not too extensive, the curette 
is applied first and this is followed by an irra- 
diation with moderately penetrating roentgen 
rays (22 to 25 cm. spark gap) without filter, 
the dose varying between 15 and 25 u accord- 
ing to the case. If the infiltration of the neo- 
plasm extends somewhat deeper, the dose is 
increased to 30 

( 


to 35 H and more penetrating 
roentgen rays 


200 kv. with 0.5 mm. to 1 mm. 
Cu) are used. A single application suffices in 
the majority of instances. The cicatrization is 
rapid, being completed towards the twentieth 
day. In a certain number of cases a second dose 
of 6 to 12 H (25 cm. spark gap, 5 to 10 mm. Al 
filter), the so-called “consolidation” dose, is 
given within three weeks following the first 
treatment. Perfect cosmetic results are nearly 
always obtained, the percentage of final cures 
exceeding 85 per cent. 

In very extensive or fungating infected epi- 
theliomas, the above method sometimes proves 
unsatisfactory. The author, therefore, for the 
past three years, has used a new “mixed” 
method which consists in the preliminary ad- 
ministration of a dose of 5,000 R of penetrating 
roentgen rays (200 kv. and at least 1 mm. Cu 
filter), this being followed within eight days by 
curettage (under local anesthesia) and the im- 
mediate administration on the bleeding surface 
of a dose of 1§ to 25 H to 5,000 R) of 
moderately penetrating roentgen rays (125 kv.) 
without filtration. After cicatrization a last con- 
solidation dose is given. The healing here is 
somewhat slower but the remarkable results ob- 
tained in some very stubborn lesions justify the 
method. 
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In a number of well-selected cases, the au- 
thor combines curettage with electrocoagula- 
tion or electroly sis. 

The conclusion is reached that the final suc- 
cess in the great majority of cutaneous epi- 
theliomas depends primarily on the judicious 
selection of radiations and their association 
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with curettage and in certain instances with 
electrocoagulation and electrolysis.—T. Leu- 
culta. 


L., and Seirrertr, A. Zur 
Radiumbehandlung des Kehlkopfkrebses. 
(Radium treatment of cancer of the larynx.) 
Strahlentherapie, 1931, 47, 73-79. 

The authors have previously made a report 
on their method of treating carcinoma of the 
larynx by cutting a window in the thyroid car- 
tilage and applying the radium in that way. 
They have now increased their dosage from 7 
mg. radium element to 10 mg. but have also 
increased the filter from 0.5 mm. platinum to 
1 mm. platinum or gold. This weakens the soft 
gamma rays from 60 per cent to 36 per cent and 
the hard gamma rays from gs per cent to 
go per cent. In some cases they even used 15 
mg. radium with excellent results. In some 
cases late necroses developed but these oc- 
curred during an influenza epidemic and they 
think they were caused by the infection. They 
give a table of the results in 31 cases kept under 
observation after the end of treatment from 
twelve to twenty-three months. Five of the 
patients died of progressive carcinoma without 
improvement; these were very advanced cases; 
one is still living after twenty-three months 
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monia with necroses, 2 suffered necroses but re- 
covered after total extirpation of the larynx, 
3 suffered necroses but recovered after tracheot- 
omy, one suffered necrosis which healed with 
stenosis for which tracheotomy was performed, 
one had necrosis but recovered without tracheot- 
omy, while 17 were cured without any reaction. 
They do not know whether the fenestration 
of the thyroid cartilage is absolutely necessary ; 
it may be that the trauma involved in making 
the window increases the tendency to necrosis. 
In some cases in which the carcinoma had grown 
through the thyroid cartilage they did not make 
a window but applied the radium directly to 
the carcinoma. The case of this kind that they 
have observed longest is at least temporarily 
cured in spite of the fact that he had very ex 
tensive bilateral carcinoma; he has been free of 
symptoms for a year and a half and without 
necrosis. In later cases in which they have not 
made a window they have used an ivory or soft 
rubber plate about 1 cm. thick between the 
radium container and the soft parts; they 
think this should probably also be used in cases 
with fenestration. The problem of dosage is not 
vet solved and no routine treatment for car 
cinoma of the larynx can be given. In some re 
cent cases they have used only 4 mg. to see 
whether it would decrease the tendency to ne 


with gland metastases, one died of grip pneu- — crosis. —.dudrey G. Morgan. 
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